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FOREWORD
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Administration (NASA) to provide uniform engineering and technical requirements for
processes, procedures, practicand methodsendorsed as standard for NASA programs and
projects, including requirementsrfselection, application, and desigrtera of an item

This NASA Technical $andard is approved for use by NASA Headquarters and NASA Centers
ard Facilities andapplicable technical requirememgy be cited in contract, program, and other
Agency doaments It may also apply to the Jet Prdsion Laboratoryfa Federally Funded
Research and Development CentegfRD(), other contractotgecipients of grants and
cooperative agreements, and parties to other agreeorants the extent specified or

referenced in applicable contraafgsantsor agreements

This NASA Technical $andard defines the minimum requiremdotsMaterialsand Processes
(M&P) and provides a general control specification for incorporation in NA®&rpm/project
hardware procurements and technical programs

Requestsor i nf or mati on shoul d [dtes:/sandans.nbsh.god Vv i a
Requests for changes to this NASA Technical Standard shewddtmitted via MSFC Form
4657, Change Request for a NASA EngineeBtandard.

Original Signed By Adam West September 20, 2021

for Ralph R. Roe, Jr. Approval Date
NASA Chief Engineer
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STANDARD MATERIALS AND PROCESSES
REQUIREMENTS FOR SPACECRAFT

1. SCOPE

This NASA Technical Standans directed towardnaterials ad processes (M&P) used in the
design fabrication and testing ogpace prograrflight hardwaregor NASA, including but not
limited to crewed uncrewed robotic, launch vehicle, lander-gpace and surface systerasd
spacetaft program/project hardwasements. Allspacéight hardware is covered by the M&P
requirements of this document, including vendesigned, ofthe-shelf, and vendefurnished
items.

M&P used in interfacinground supporéquipmen{GSB), test equdment hardware processing
equipment hardware packagingnd hardware shipmeist covered byhe M&P requirements of
thisNASA TechnichStandardnly to the extent required fiwevent damage to or contamination
of spacdight hardware(seesection 4. M& P used in NASA aircraft andircraft operations are
notcovered by the M&P requirements of this document

11 Purpose

The purpose athis NASA Technical Standand to define the minimum requirements for M&P
and to provide a general control specificationincorporation in NASA pgram/project
hardware procurements and technical programs

1.2  Applicability
The controls described leeare applicable to all NASA spacecraft programs

a. [MPR 1]Programsshallapply these controls to program/project hardwBregrams,
projects, andlements are responsible for flowing requirements down to contractors,
subcontractors, and the lowest compaevel suppliers.

b. [MPR 2]Programs shall be responsible for demonstrating compliance with these
requiremets.

ThisNASA Technical Standard epproved for use by NASA Headquarters and NASters

and Facilitiesandapplicable technical requirememhay be cited in contract, program, and other
Agency documentdt may also apply to the Jet Propulsion Laborafarfearally Funded
Research and Development CentefRD(), other contractotgecipients of grants and

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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coqperative agreements, and parties to other agreemelytto the extent specified or
referenced in applicable contraagsants, or agreemem

Verifiable requirement statements atesignated by thecronymiMPR 0 Maferials and Processes
Requirement numberedand i ndi c at shdll Thiy NABA TechmoalIStanddrd contains
213 requirementsExplanatory or guidancext is indicated in italics lginning in section 4To
facilitate requirements selectitny NASA programs and projects, a Requirements Compliance
Matrix is provided in Appendix AThis appendix also contains justifications for eaehfiable
requirement statement

1.3 Tailoring

a. [MPR 3]Tailoringoft hi s NASA T e c hrequirenants in$hie BMatediadsr d 6 s
and Processes Selection, Control, and Implementatiorfétlapecific programs/projecthall
beformally documented as pat program or project requirements aaqgprovedoy the
responsible program/project NASA M&P organizatidre tesponsible project/program, and the
delegated echnical Authorityin accordance with NPR 7120.5, NASA Space Flight Program
and ProjetManagement Requirements NPR 7120.8, NASA Research anechnology
Program and Project Management Regmients These requirements may be tailored simply by
constructing a matrix of applicable paragraphs and paragraphs that are not applicableg Tailorin
also includes using existing or previously developed eotur processes and standards as a
submittal ofthe various required plans. Otherwise, the tailoring of requirements may be
documented in the Materials and Processes Selection, CamddimplenentationPlanby
providing the degree of conformance andrtiethod of implementation for each requirement
identified here.

b. When a Materials and Processes Selection, Coamd|implementatiorPlan has
been approved by the responsible program/prajgetn acceptable means of compliance with
the technical ragirements of thisNASA Technical StandardhePlan may be used for the
implementation and verification of M&P requirements on the applicable program/project.

2.  APPLICABLE DOCUMENTS

2.1 General

The documents listed in this section contain provisioascitnstitute requirements of this
NASA Techni@al Sandard as cited in the text

2.1.1 [MPR 4] The latest issuances of cited documents shall apply unless specific versions are
designated.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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2.1.2 [MPR 5] Non-use of specifically designated versions shalhpproved by theelegated
Technic& Authority.

The applicable documents are accessiblgtps://standards.nasa.goway be obtainediredly
from the Standards DevelopiBpdy or other document distributqrar information for
obtaining the daement is provided

2.2  Government Documents

The documents in these paragraphs are applicable to the extent spEh#iedations below
refer tothe sections in this NASA Technical Standard.

National Aeronautics andSpace Administration (NASA)

NPR7120.5(Cited in NASA Space Flight Program and Project Management
section 1.3) Requrements

NPR 7120.8Cited in NASA Research and Techiogy Program and Project
section 1.3) Management Requirements

NPR 8715.30Cited in NASA General Safety Program Requirements
section 3.2)

General Welding Requirements for Aerospace Materials
NASA-STD-5006A
with Change 1 (2016)
(Cited n sectiord.2.4.9

NASA-STD-5009B (2019) Nondestructive EvaluatioRequirements for Fractw@ritical
(Cited insection4.2.5.) Metallic Components

NASA-STD-5020(2012) Requirements for Threaded Fastening Systems in Spacefligl

(Cited in section 4.2.6.6.1) Hardware

NASA-STD-6001B (2011) Flammability, Offgassing, and Compatibility Requirements a

with Change 2 (2016) Test Procedures
(Cited insections4.2.1,
4.2.1.1,42.1.2,42.1.4,

and 4.2.1.%

NASA-STD-6012 (2012) Corrosion Protectioror Space Flight Hardware
(Cited insection4.2.63)

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the

actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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NASA-STD-6030 (2021) Additive Manufacturing Requements for Spaceflight Systes

JSC 205842008 (Cited in Spacecraft Maximum Allowable Concentrations for Airborne

section4.2.1.9 Contaminants
JSC 29353 (Cited in Flammability Configuration Analysis for Spacecraft
section4.2.1.1) Applications

Materials and Processes Materials Selection List for Space Hardware Systems
Technic&Information

System (MAPTIS)Cited

in section4.2.12)

MSFGSPEG445A (1990) Adhesive Bonding, Process and Inspection, Requirements fc
(Cited insection 4.2.45)

MSFC-STD-3029A (2005) Guidelines for the Selection of Metallic Materials for Stress
(Cited insection4.2.2 Corrosion Cracking Resistance in Sodium Chloride
Environments

Department of Defense

MIL -STD-810G (2008), Department of DeferesTest Method Standard for
with Changel (2014) Environmental Engineering Considerations and Laboratory 1
(Cited insection4.2.3.9

MIL -STD-1252 (1975) Inertia Friction Welding Process, Procedure Badormance
(Cited insection4.2.46.4)  Qualification

(Inactivefor New Design

effective 3/11/1998 but

determined by NASA to be

the best ebsting standard

for use)

MIL -HDBK-454B (Cited = General Guidlines for Electroni&quipment
in section 4.2.3.8)

MIL -HDBK-687@ (2012) Nondestructivenspection Program Requiremsriior Aircraft
(Cited insection4.2.5.) and Missile Materials and Parts

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.

APPROVED FOR PUBLIC RELEASE — DISTRIBUTION IS UNLIMITED

130f 157



NASA-STD-6016C

2.3  Non-GovernmentVoluntary Consensus Standards

The citations below refer to the sections in tfsSA Technical Standard.

ASTM International (ASTM)

ASTM B68997 (Reapprovd
2013 (Cited insection
4.2.410)

ASTM B73315(Cited in
sections4.2.410and4.2.6.3

ASTM E59515 (Cited in
section4.2.3.9

ASTM E1548(2009 (Cited in
section 4.2.6.7)

Standard Specification for Electroplated Engineering Nic
Coatings

Standard Speddation for Autocatalytic (Electroless)
Nickel-Phosphorus Coatings on Metal

Standard Test Method for Total Mass Loss and Collecte:
Volatile Condensabl¥aterials from Outgassing in a
Vacuum Environment

Standard Practice for Preparation of Aeraspa
Contamination Control Pies

American Welding Society(AWS)

AWS C3.2M/C3.2 (208)
(Cited insection4.2.47)

AWS C3.3 (208) (Cited in
section4.2.47)

AWS C3.44/C3.4(2016
(Cited insection4.2.47)

AWS C3.5\/C3.5(2016
(Cited insection4.2.47)

AWS C3.6V/C3.6 (2016)
(Cited insection4.2.47)

AWS C3.7M/C3.7 (2@1)
(Cited insection4.2.47)

AWS C7.4/C7.4M2008)
(Citedin sectiond.2.46.1)

Standard Method for Evaluating the Strength of Brazed
Joints

Recommended Practices for Desiljtanufacture, and
Examinaton of Critical Brazed Components
Specification for Torch Brazing

Specification for Induction Brazing

Specification for Furnace Brazing

Specification for Aluminum Brazing

Process Specification and Operator Qualification foet.as
Beam Welding

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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AWS D17.1/017.1M(2010) Specification for Fusion Welding for Aerospace
AMDL1 (2012)(Cited insection Applications
4.2.46.1)

AWS D17.2/D17.81 (2013 Specification foResistance Weldinfpr Aerospace
(Cited insection 4.2.4.6.2) Applications

AWS D17.3/D17.3M2016) Specification for Friction Stir Welding of Aluminum Alloys
(Cited insection4.2.4.63) for Aerospace Applications

Battelle Memorial Institute

MMPDS-10 (2015) (Cited in Metallic Materials Properties Developmeand
section4.18.1, 4.1.8.2, and Standardization (MMPDS)
4.2.4.

Government Electronicsand Information Technology Association(GEIA) (SAE
International)

GEIA-STD-00051A (2012) Performance Standard for Aerospace and High Peaftoen
(Cited insectior4.2.2.1) Electronic Systems Caainhing LeadFree Solder

GEIA-STD-00052A (2012) Standard for Mitigating the Effects of Tin Whiskers in
(Cited insection4.2.2.1) Aerospace and igh Performance Electron®ystems

National AerospaceStandards (NAS)

NAS 410, Revision 4(2014) NAS Certification and Qualification of Nondestructive Te
(Citedin sectiord.2.5.)) Personnel

NAS 412 Revision 1(2013 Foreign Object Damage/Foreign Object Debris (FOD)
(Cited insection4.2.67) Prevention

SAE International (SAE)

SAEAMS2175A (2010) Castings, Classification and Inspection of
(Cited insection4.2.43)

SAE AMS237D (2007, Control ofForgings Requiring First Article Approval
Reaffirmed 2Q2) (Cited in
section4.2.42)

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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SAE AMS240N (2015) Plating, NickelGeneral Purpose

(Cited insectin 4.24.10)

SAE AMS2404G (2013) Plating, Electroless Nickel

(Cited insection4.24.10

and 4.2.6.38

SAEAMS242FE (2015) Plating, Nickel Hard Deposit

(Cited insection4.24.10)

SAE AMS2488D (2000, Anodic Treatment Titanium and Titanium Alloys Solution
Reaffirmed 2Q1) (Cited in pH 13 or Higher

sectiord.2.2.32)

SAE AMS2497F (2015) Surface Treatment of Polytafluoroethylene, Preparation
(Cited insection4.2.3.10 for Bonding

SAE AMS268@ (2001, ElectronBeam Welding for RtigueCritical Applications

Reaffirmed 2@0) (Cited in
section4.2.46.1)

SAE AMS275% (2008, Heat Treatment of SteBlarts, General Requirements
Reaffirmed 201%(Cited in
section4.24.1)

SAE AMS2759/D (2009) Hydrogen Embrittlement Rieff (Baking) of Steel Parts
(Cited insectiors 4.26.4)

SAE AMS277(N (2015) Heat Treatment of Wrought Aluminum Alloy Parts
(Cited insection4.24.1)

SAEAMS2771E (2013 Heat Treatment of Aluminum Alloy Castings
(Cited insectiond.24.1)

SAE AMS27725 (2016) Heat Treatment of Aluminum Alloy Raw Materials
(Cited insection4.2.4.1)

SAE AMS2773K2013) Heat TreatmentCast Nickel Alloy and Coballloy Parts
(Cited insectiond.2.4.))

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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SAE AMS2774 (2016)
(Cited insection4.24.1)

SAE AMS280B (2003,
Reaffirmed 2014jCited in
section4.24.1 and
4.2.4.6.)

SAE AMS-H-6875B (2010
(Cited in4.24.1)

SAE AMS-H-81200D
(2014) (Cited insectians
4.24.1and 4.2.46.1)

SAE AS2275€ (2014)
(Cited in section 4.2.1.5)

SAE CMH-17:

SAE CMH17-1G (2012)
(Cited insection4.1.8.1)
SAE CMH-17-2G (2012)

(Cited in sectiort.18.1)

SAE CMH17-3G (2012)
(Citedin sectior4.18.1)

SAE CMH-17-4B (2013)
(Cited in sectiort.18.1)

SAE CMH-17-5 (2017)
(Cited in setion 4.1.8.1)

SAE CMH-17-6 (2013)
(Cited in seabn 4.18.1)

NASA-STD-6016C

Heat Treatment, Vdught Nickel Alloy and CobalAlloy
Parts

Heat Treatment of Titanium Alloy Parts

Heat Treatment of Steel Raw Materials

Heat Treatment of Titanium and Titanium Alloys

Wire, Electricd Fluoropolymerinsulated, Copper or
Copper Alloy

Composite Materials Handbook Vohe 1- Polymer Matrix
Composites Guidelines for Characterizatiorsttictural
Materials

Composite Materials Handbook Volume Rolymer Matrix
Composites Materials Properties

Composite Materials Handbook Volume Bolymer Matrix
Composites Materials Usage, $ign, and Analysis

Composite Materialslandbook Volume 4 Metal Matrix
Composits

Composite Materials Handbook Volume Geramic
Matrix Composites

Composite Materials Handbook Volumé &trucural
Sandwich Composites

Refer to Appendix Edr References.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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2.4  Order of Precedence

2.4.1 The requirements and standard practices established in this NASA Technical Standard do
not supersederavaive existing requirements and standard practices fouather Agency
documentation.

2.4.2 [MPR 6] Conflict between thilNASA Technical $andard and other requirements
documents shall be resolved by tedegated’echnical Authority.

3. ACRONYMS AND DEFINITIONS

3.1  Acronyms and Abbreviations

/sec Per Seond

AlAA American Institute of A@mnautics and Astronautics

AM Additive Manufacturing

AMS Aerospace Material Specification

ANSI American National Standards Institute

AS Aerospace Standard

ASTM ASTM International (formerlyAmerican Society for
Testirg and Materials)

AWS American Welding Society

BZT Benzotriazole

CCP Contamination Control Plan

CDR Critical Design Review

cm Centimeter

CMH Composite Materials Handbk

COTS Commercial OfThe-Shelf

CP Commercially Pure

CR Contractor Report

CVCM Collected Volatile Codensable Materials

°C Degrees Celsius

°F Degreed-ahrenheit

D Dimensional

DMLS Direct Metal Laser Sintering

DOT Department of Transportation

DRD Data Requirements Description

EDM Electrical Discharge Machining

EEE Electrical,Electronic, and Electmechanical

ELI Extra Low Interstitial

ESD ElectrostaticDischarge

ETFE Ethylene Tetrafluoroethylene

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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FAA
FEP
FFRDC
FOD
FRR

g
GEIA

GOX
GSE
HDBK
HEE
HRE
IHE

in

JSC
kPa

Kksi

Ib

LM

LOX
M&P
MAPTIS
MIL
MIUL
mm
MMPDS

MNL
MPa
MPR
MSFC
MUA
NAS
NASA
NDE
NDI
NDT
NPR
PDF
PDP
PDR

NASA-STD-6016C

Federal Aviation Administration

Fluorinated Ethylene Propylene

Federally Funded Research and Development Cente
ForeignObjectDamageDebris

Flight Readiness Review

Gram

Government Electronics and Information Technology
Association

Gaseous Oxygen

Ground Sipport Equipment

Handbook

Hydrogen Environmental Embrittlement
Hydrogen Reaction Embrittleent

Internal Hydrogen Embrittlement

Inch

Johnson Space Center

Kilopascals

Kilopounds per Square Inch

Pound

LaserMachning

Ligquid Oxygen

Materials and Processes

Materials and Process&schnical Informatiorsystem
Military

Materials Identification and Usage List
Millimeter

Metallic Materials Properties Development and
Standardizatin

Manual

Megapascals

Materials and Processes Requirement
Marshdl Space Flight Center

Material(s) Usage Agreement

National Aerospace Standard

National Aeronautics and Space Administration
Nondestructive Evaluation

Nondestructive Inspection

Nondestructive Testing

NASA Procedural Reqtements
PortableDocument Format

Part Development Plans

Preliminary Design Review

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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PFA Perfluoroalkoxy

PH Precipitation Hardenédardenable

POR Procedureualification Record

PSIA Pounds per Square Inébsolute

PTFE Polytetrafluoroethiene

PVC Polyvinyl CHoride

RH Relative Humidity

RSW Resistance Spot Welding

RTV Room Temperature Vulcanizing (rubber)

SAGBOE Stress Assisted Grain Boundary Oxidatio
Embrittlement

SAE SAE International (formerlsociety of Automotive
Engineer}

SDR System Definition Raew

sec Second

SI Systeme Internationale or metric system of measurer

SLM Selective Laser Melting

SMAC Spacecraft Maximum Allowable Concerttoan

SOwW Statement of Work

SPEC Specification

SRR System Requirements Review

STD Standard

™ TechnicaMemorandum

TML Total Mass Loss

UTS Ultimate Tensile Strength

uv Ultraviolet

VCM Volatile Condensabl®& aterials

WPS Welding Procedure Specificah
Weld Process Specification

WVR Water Vapor Recovery

3.2 Definitions

Additive Manufacturing(AM): Process of joining materials to make parts fromn
threedimensional model data, usually layer upon layer, as opposed to subtractive
manufacturing and fonative manufacturing methodologies. Adj., additively
manufactured(Source: NASASTD-603Q Additive Manufacturing Requirements for
Spaceflight Systems

Catastophic Hazard (1) A condition that could result in a mishap causing fat:
injury to personnel and/or loss of one or more major elements of thevkgicle or
ground facility,or (2) a condition that may cause death or permanently disabling injt

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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major system or facility destruction on the ground, or loss of crew, major systems, (
vehicle during the mission. ¢8rce:NPR 8715.3D, NASA Gener8afety Program
Requirements.)

Corrosive EnvironmentSolid, liquid, or gaseous enginment that deteriorates
the materials by reaction with the environment. Clean rooms and vacuum are yiorn
considered noncorrosive.

Critical Hazard A condition that may cause severe injuryoocupational illness,
or major property damage to fatés, systems, or flight hardware.oice:
NPR 8715.3D, NASA General Safety Program Requirements.

DesignValue The desigrvalueis a statistically determined minimum value of
property most ommonly strength properties of matesiatlesign features/elements, or
components/parts used in the design of a strudiareA-basisstrength propertiest
least 99% of the populatiamf strength values is expected to equal or exceedotier
bound wth 95% confidencd-or B-basis, 90% bthe population of strength values is
expected to equal or excettus lower boundvith 95% confidencef-or metallic
materials Shasis design valsethe statistics defined by MMPDS are the same as for
basis, but théest requirements are less comprediee. Numbers of lots and test
specimens required to develdesign valueare defined in applicable standar@ibe
terms fAmateridekighl awabwad)] esiido and ¥
usedto address thdesign values used in structurabdysis

Fretting Corrosion Occurs when two contacting surfaces under mechanical I
are subjected to repeated relative surface motion. Mechareea and material transfer
at the surfaces can lead to corrosion, rietdebris, and increased contagsistance due
to the electrical insulating properties of corrosion products that may build up at the
contact interfaces.

Mission Critical Hardware Hardware, the failure of which may result in the
inability to retain oprational capability for missionantinuation if a corrective action is
not successfully performed.

Nondestructive Evaluation (NDEyondestructive Testing (NDT)Inspection
techniques which do not cause physical, mechanical, or chemical changes totthe pe
being inspected or otherwise piatr its adequacy for operational service. These
inspection techniques are applied to materials and structures to verify required inte
and to etect flaws.

Refractory Alloys Alloys with a melting point abov2000 °C (3632°F), plus
osmium andridium.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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SafetyCritical: Term describing any condition, event, operation, process,
equipment, or system that could cause or lead to severe,imjajgr damage, or missiot
failure if performed or built improperly, orlalwed to remain uncorrected.

Structural Pertaining tcstructure.

Structural Adhesive BondStructural joint using adhesive bonds for the purpo
of transferring structurdbad between structures.

Structure All components and assemblies idggd to sustain loads or presssjr
provide stiffness and stability, or provide support or containment.

Structure, Primary That part of a flight vehicle or elemeiiatsustainghe
significant applied loads and provides main load paths for distrgpreactions to
applied loads. Alg, the main structurthatis required to sustain the significant applied
loads, including pressure and thermal loads,thadif it fails, createsa catastrophic
hazard. If a component is small enough and in an envinatnwieere no serious threat is
imposed if it breaks, then it is not primary structure.

Subcontractar A hardware contractor that reports to a higeeel contractor.

Techni@al Authority: Provides technical checks and balances by assuring tha
sakty and mission success, relevéetthnical standards, engineering work, and safety
and reliability analysis products are being conducted properly in accordance with
established, higreliability processes independent of nontechnical program/project
constaints.

Tin Pest The allotrope transformation of tin that may occur at or below T&2
wher e tin t rpahnassfeo riphasegfagreynbritfésemiconductor that
occupies about 2percengr eat er v ol-phasee t han t he b

Useful Life: Total life spanincluding storag life, installed life in a nonoperatin
mode, and operational service life.

Wetlnstalled Fasteners covered with primer or sealant during liasitan to
prevent moisture from penetrating the fastener joint and @aosmosion.

Whisker (Metal) A spontaneous growth that may form on surfaces of metals
primarily tin, zing andcadmium. Metal whiskers may also detach from the surfaces
whichthey form, producing conductiveOD.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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4. REQUIREMENTS

Requirements fomaterials used in the fabricatiamd processing afpacdight hardware are as
follows:

a. [MPR 7] Materialsshallmeetthe worstcaseusefutlife requirements for the
particular @plication.

Theusefullife requirements include, baire not limited tq the following:

(1) Operational emperature limits

(2) Loads

(3) Contamination

(4) Life expectancy

(5) Moisture or other fluid media exposure

(6) Vehiclerelated induced@nd natiral space environments.

Experimentabpacdlight hardware and other hardave that do not provide missiesritical
functions may have no usefiié requirements, provided that the safety of the crew, the space
vehicle, or launch vehicle are not comprondise

Propertiesto be considered in material selection include, but arelinated to,the following:

(1) Mechanical properties

(2) Fracture toughness

(3) Flammability and offgassing characteristics
(4) Corrosion

(5) Stress corrosion

(6) Thermal and rachanical fatigue properties
(7) Glasstransition temperature

(8) Coefficient of thermal expansion mismht
(9) Vacuum outgassing

(10) Fluids compatibility

(11)Microbial resistance

(12) Moisture resistance

(13) Fretting.

(14) Galling.

(15) Susceptbility to electrostatic discharge (ESD).
(16) Susceptibility to contaminiatn.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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b. [MPR 8] M&P used in iterfacing GSEtest equipmenhardware processing
equipmenthardware packagin@nd hardware shipmeshallbe controlled to prevent damage to
or contamination ospacdight hardware.

The M&P controls in NASSTD5005(RevisionD or later), Standard fothe Design and
Fabrication d Ground Support Equipmerdre acceptable for meeting this requiremiemt
interfacing GSE hardware

4.1  General Requrements

4.1.1 Materials and Processes Selection, Control, ddmplementation Plan

a. [MPR 9]Each orgamationthatis responsible for the design and fabrication of
spaceflight hardwarghall provide a Materials andProcesse$Selection, Control, and
Implementation Plan.

The Materials and Processes Selection, Control, anddmentation Plan documents theyoee
of conformance and method of implementation for each requirement MABIA Technical
Sandardand identifiesapplicable irhouse specificatizs used to comply with the requirement.

Other documentsuch as contract-specific M&P requirements doments and detailed
requirements compliance matricesin be used to form the basis of Materials and Processes
Selection, Control, and Implemernitat Plan provided the content addresses the requirements.

b. [MPR 10]The Materials andProcesse$Selecion, Control, and Implementation Plan
shallalso describe the methodsed to control compliance with these requirembmgts
subcontractors and vendor

Prime contractors may requira@iscontractors and vendote develop aailored plan to comply
with NASASTD 6016 or a tailored plan to comply with the prime contractor's plan.
Alternatively, prime contractors may flow down a limited subset of (ormeerequirements,
with the prime making up the difference between theesand materials control plan.
Whicheveiapproach is selecteghrimecontractors areesponsible for ensurintpat hardware
designed and fabricated by theimbcontrators meet thenaterials control plan or NASATD
6016.

c. [MPR 11]Upon approval byhe procuring activitythe Materials andProcesses
Selection, Control, and Implementation P&allbecome thé&P implementation document
used for verification

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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The Materials andProcesses Selection, Control, and Implementation Plan should be approved
by the responsible design authgrit

Additional requirements omé Materials andProcesseselection, Control, and Implementation
Plan contentfollow in sectiong}.1.1.1 through 4.1.3.

4.1.11  Coordination, Approval, and Tracking

[MPR 12] The Materids andProcesses$election, Contl, and Implementation Plashall

identify the method of coordinating, approving, and tracking all engineering drawings,
engineering orders, and ottdbcuments that establish or modify materials and/or processes
usage.

4112  Approval Signature

[MPR 13 The Materials and Process8glection, Control, and Implementation P&nall
include a requirement thatl hardwaredesign drawings and revisiofr spacdlight hardware
that provides missicaritical functionscontainan M&P approval block, or equivent, toensure
that the design has been revieviydhe responsible M&P authorignd complies withhat
document.

4.1.1.3 Manufacturing Planning

[MPR 14] The Materials and Processes Selection, Control, and ImplemenRitashall
identify how the rgsonsible M&Porganization participagin manufacturingand
inspection/verificatiorplanning to ensure compliance wkt&P requirements.

412 M&P Controls

a [MPR 15]All M&P for spacdlight hardware that provides misstcritical functions
shallbe ddined by standards and specificatiaadected frongovernment, industry, and
company specifications and standards

b. [MPR 16]All M&P for spacéight hardware that provides missientical functions
shallbe identifieddirectly on the appropriate emgiering drawing.

c. [MPR 17]CompanyM&P specificationshallbe identified bydocument numbean
the Materials and Process8eglection, Control,rad Implementation Plan.

d. [MPR 18]All M&P specifications used to procispacdight hardwarethat provdes
missioncritical functionsshallbe made available to the responsible NASA Program or Project
Office andM&P organization.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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e. [MPR 19]Processpecificationdor spacéight hardware that provides mission
critical functionsshalldefine process stet a level of detail that ensures a repeatable/controlled
process that produces a consistent and reliable product.

f. [MPR 20]Process qualificain shallbe conducted to demonstrate the repeatability of
all processefor spacdight hardware that prades missiorcritical functionswhere the quality
of the product cannot be directly verified by subsetoemitoring or measurement.

Note: The praess requirements section 4.2.4 othis NASA Technicalt8ndarddo notalways
define process steps atevel of detail that ensures a repeatable/controlled process that
produces a consistent and reliable prodwsd itshould not be assumed that theg auitable to

be called out as process specifications on engineeringidgam heyare intended as higher

level documentthat state minimum requirements and provide general directions for the design
of hardware.

4.1.2.1  Standard and Specification Obsokscence

[MPR 21] A processshallbe established for ensuring thgtdatedalternate, or new material or
process standasar specificatios from those identified in the &terials andProcesses
Selection, Control, and Implementation Plaaet or exceed ¢htechnical requirements
identified in the originamaterial or processatdard or specificatios.

During a longterm program, M&P standards and specifications identified in this document or

in contractor materials control plans could become obsoletati@ued use of obsolete

standards and specifications is acceptable fonafiacturing series or newlesignhardware.

Although updated M&P standards or specifications usually meet or exceed earlier standards and
specifications, their use can result in régments creep so that new hardware no longer meets

the original design rquirements.

4.1.3 Commercial Off-The-Shelf (COTS) Hardware

[MPR 22] A procedureshallbe established to ensure that all verdesigned, ofthe-shelf, and
vendorfurnished itemsre covered by the M&P requirements of this docuineitl the
exception hat M&P requirementgor off-the-shelf hardwarand othespacdight hardware that
do not providemissioncritical functionsmay be limited to those required to ensure safety of
flight (for example, flammability, toxic offgassing) and vehicle compatfiidcr example,
vacuum outgassing

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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414 M&P Control Panel

a. [MPR 23]An M&P controlpanelshallbe established by eacbntractomhardware
provider (excluding subcontractors)

b. [MPR 24]TheM&P controlpaned scopeand membershiphallbe described irme
Materials and Processes Seieat Control, and Implementation Plan.

TheM&P control panelplans, manags, andcoordinaesthe selection, application,
procurement, control, andandardization oM&P for the contract.

Thepanelalsoresolves andlispasitions M&P problens.

The resposible NASA M&P organizatiois an active member of thpainel andchas the right of
disapproval ofpaneldecisions.

415 M&P UsageDocumentation

a. [MPR 25]M&P usageshallbe documented in an electropgearchable parts tisr
separate electronic searcleMaterials Identification and Usage List (MIUWjth the following
exceptions:

(1) Electrical,electronic, anclectromechanical (EEE) parts other thaire, cable,
and exposed surfaces of connectors

(2) Materials used in heraically sealed electronic contars (maximum leak rate
less than 1 x IHcm’/sec)

b. [MPR 26]The documentation dl&P usageshallcover the final desigas delivered

c. [MPR 27]The documentation approadallbe definedn theMaterials and
ProcesseSelection, Control, and Implemeritan Plan

Recommended MIUL content is describedppéndixD, Recommended Data Requirements
DocumentsMaterial codes and ratings for materialdaadard and commercial partand
componentsre available in the Materialand Processes Technical Infortizen System
(MAPTIS).When requirednew material codewill b e assi gned by NASAGs
Flight Center (MSFC)In some cases, MAPTIS contaaverages for ratings or test resufts
generic materials controlled hyilitary or industry specificatins; the raterial codes fothe

generic materiad areused.

MAPTIS is accessible via the Internehéip://maptis.nasa.gav

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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Note: Accessibility tdMAPTIS is by registration only.
4.1.6 Material Usage AgreementgMUA )

a [MPR 28]MUAs containingsufficient information to demonstrate that the
applicaton is acceptablshallbe submittedy the responsible BIP organizatiorfor all M&P
that are technically acceptable but do notintfee requirements of thiNASA Technical
Standard, as implemented by the approved Materials and Processes Selection, Control, and
Implementation Plan.

The use of M&P that do not eply with the requirements of tNeASA Technicalt&ndard may
still be aceptable in the actual hardwaregplications.

In most cass, the requirements in this documéahentify technical rquirements for which
deviations may be acceut through the MUAncess However, in some cas@édUAsare
specificallyidentified agequired for documentatioaf hardware acceptability

The MUAgeneration and approvalystem should be defined in the Materials and Processes
Selection, Control, and Implementation RI& recommendeMUA approach is described in
AppendixD.

b. [MPR 29]MUAs shallnot be used to change the M&Euirements foa
nonconforming product.

When the nonconformance is a deviation from M&P requirentkatss acceptable for future
series hardwre, an MUA may be generated to provide technical support for a chatige to
product baseline.

A typicalMUA form isshownin Appendipx8, Typical MUA Form
4.16.1 Human-Rated Spacecraft

For humanrated spactight hardware atiered MUA system with theecategoriess
recommended

416.1.1 Category | MUAs

Category | MUAs agthose that involve M&P usage thatutd affect the safety of the mission,
crew, or vehicle or affect the mission successhbwe tobe used for functional reasons.

Category | MUA are delivered by the hardware developer apdrovedby the responsible
NASAM&P organization and the NASA Ryam/Project Office.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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4.1.6.12 Category Il MUAsS

Category Il MUAs are those that involve M&P usage that fails a screeniligBf
requirements ad is not considered a hazard in its use application but for which n@@Qstél
rationale code existategay Il MUAs are delivered by the hardware developer apdroved
by the responsible NASW&P organization

4.1.6.1.3 Category lll MUA s

Contracbrs who want to use Category lll rationale codelevant to their hardwagmay do so
through their Materials ad Processes Selection, Control, and Implementation Rlategory

[l MUAS are those that involve M&P that have not been shown to meet thesenegnts but
have arappropriaterationale code listed ithe Materials and Processes Selection, Control, and
Implementation PlanThe rationale codes are approved as part of the ovétaterials and
Processes Selection, Control, and Implementation Bfgmoval.Category Il rationale codes
are evaluated and determined todmeeptable at the configuration/pagvel

ApprovedCategory Il MUAsare reported in the MIUL system or electronic data system.

Category Il MUAs are approved by the hardwareelepger and responsib&P organization
through acceptance of the MIUNo MUA form is submitted.

Note: TheCategory Il MUA rationale codes in the previous release of NWsSA Technical
Standardhave been retiretkitherbecause the acceptance ratiomalas deemed inadequate
because thapplicationwas made an exceptionthe requirementRetired codes arésted in
AppendixC, Retired Category Il MUA Rationale Codégsr; continuity purposes but should not
be used for hardware designed to this NASA>6016 releaseinless they are listed as
approved rationale codan the Materials and Processes Selectiomn@ol, and Implementation
Plan.

4.1.7 Materials Certification and Traceability

a. [MPR 30]All parts or material$or spacéight hardware that qovides mission
critical functionsshallbe certified as to composition;gperties, and requirements as idéati
by the procuring document.

b. [MPR 31]With the exception of ofthe-shelf parts, arts and materials used in
critical applicationssuch asife-limited materialsand/orsafety and fracturecritical parts shall
betraceable through all processing stdpfined in the engineering drawingtte enditem
application

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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c. [MPR 32]Distributors orother processors shall not heat treat, hot warkold work
metal stock unless they take the responsibilities as theigeopdf the metal and produce a new
certification.

Processing records shild be retained for the life of therogram Processing records for
program residual hardware sluld be delvered to the procuringuthority as part of contract
termination.

4.1.8 Material DesignValues

In the design ad analysis of aerospace hardwatleetermsii mat er i al,0fad d soiwgarb | e s
all owabl es, 0 a n dconintbrdysuseth addresa theesgav@aluea used in

structural analysisTh e t er mafi d e s 0 thiougkouttkissddcumenivhich

encompases both the material and design feature performance, whichever is used to support the
structural certification

4181 Requirementsfor Desgn Values

a. [MPR 33]A, B, or Sbasis statisticataluesfor mechanicaproperties of materials
shallbe utiized forthe design and analysis of hardwaoeall applications where structural
analysis is required.

Statisticaldesignvaluesare neededdr any hardware where structural analysis is requited
demonstrate posite margins of safety for tlieesign loads and environments in combination
with the factor of safety requirements

Each distincform of a materialshould be assumed bave unique desigmaluesunless testing

and statistical analysis shows that desigiuesare combinableFor example, olled bar may
have different desigmaluesthan the same alloy in plate, forging, spin forming, extrusion, or
casting. Different layupsftect the properties of composite structures. Manufacturing methods,
like welding,brazing, swaging, forming, flusion bonding, adhesive bonding, andctwing of
sandwich alter the properties of the original materials. Design features, such as phjrdsops,
and tapered ramps affect the design values of composites.

Design values aralso required for other méanical properties, such as dynamic properties like
fatigue and fracture. The basis for these properties is not necessarily statistical, sainiéng

is expected to be representative of the material, product form, andustten the desigisome
apdications require lower bound, and others require typical properfié® specific

requirement can be found in the governing specificationgh#design, such as

NASASTD5019 Fracture Control Requirements for Spacefliglarédvare,or NASASTD

5012 Stength and Life Assessment Requirements for Lifugled Space Propulsion System

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.

APPROVED FOR PUBLIC RELEASE — DISTRIBUTION IS UNLIMITED

300f 157



NASA-STD-6016C

Engines See NASATD 6030 for requirements for design valdes additively manufactured
material.

b. [MPR 34]The samplingor other mechanicgdroperties, such as dynamic properties
like fatigue and fractureand verification of design valuskall be epresentative of the material,
product form, and state used in the design.

The statistical basis for fatiguend fracture properties should lmensistent with the governing
specification. For example, NASSTD5019 allows for the use of typical fractumughness and
crack growth rate properties in the assessment of assumed defects;SIVASA12 requires the
useof bounding fatigue design curvies critical hardware in the primary load path. Fatigue
data provided in MMPDS requires further analysis tovkea bounded design curve.

c. [MPR 35]A, B, or Sbasis statisticahethodsshallbe defined by, and valuesrf
mechanical properties in thelesign environmentken from MMPDS$Metallic Materials
Properties Development and Standardizatot$AE CMH-17, Composite Materials Handbook

Shbasis statistical values apply to metallic structures only. Although SWH-C7 does use the
t e r nAbasis@bit is used only for screening composite materials and such values may not be
used in design.

Design valuesn CMH-17 Volume 2 may be used only if each produdaeility substantiates
that its material and process ctvols produce repeatable and ralile resultghat support the
published design value. AEquival enFAWAR t est

03/19 Material Qualification and Equivalency for Polymer Matrix Composite Material Systems:

Updated Proedure are acceptable.

d. [MPR 36] For metallic materials, the alloy, heat treatment, product specification,
product form, and thickneshallmatch the alloy, heat treatment, product specification, product
form, and thickness in MMPDS

Since the testg to develop design values iggific to alloy, heat treatment, specification and
form, the statistical relationship is relevamly to thatsame combination. Thickness affects
strength of metal because of metallurgical factors that influence strdikgtineat transfer
during heat teatment and variability of reduction during metal working.

SAE CMH17is composed of six volumeSAE CMH17-1G, Volume 1i Polymer Matrix
Composites Guidelines for Characterization of Structural Mater@@/SE CMH17-2G, Volume
21 Polymer Matrix Compstes Materials PropertiesSAE CMH17-3G, Volume 3 Polymer
Matrix Composites Materials Usage, Design, ana@lysis SAE CMH17-4B, Volume 4 Metal
Matrix CompositesSAE CMH17-5, Volume 5 Ceramic Matrix Compsites andSAE CMH
17-6, Volume G Strudural Sandwich Composites

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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Notes:
(1) Design alues of structural materials listed in later versionswWlIPDSor SAE
CMH-17 than thosespecified in section 2 may heedprovided the methodology
used to deelop the #owable mechanical properties is at lé@s conservative.

(2) Published propertieseed to be appropriate fohe design environment. For
example, published properties at ambient temperature artypically
appropriate for applications in higkemperature environments.

(3) Design Véuescalculatedbased on regression analysis according#®®ECMH-
17 (Volume lsection8.3.7) are acceptable.

(4) Caution is warranted fomaterial properties that significantly exceed minimum
specification values. Sensitivity to stress corrosion crackoss, of ductilityand
fracture toughness, and degraded mechanical properties at cryogenic
temperatures, may resuh some alloys that are ovstrengthened-or example
for quenched and tempered alloy steels, precipitation hardened steels, heat
treatablealuminums etcthedurability and behavior in service environments
may be adversely affectadhen theyare stengthened significantly beyond their
minimum strength requirements.

(5) Section 4.2.2 of this NASA Technical Standard contains requiremengstfor
verificationof the adequacy of the heat treatment process when metallic materials
areuserheat treated.

B)For composite st r ucbassdeasignvalugpmmay rothe ne o
appropriate as they can be compromised by manufacturingtdefedandling,
impacts etc. Such damage is commonly in the form of subsurface delaminations
that cannot be seen bisual inspection or detected by a practical NDE program.
Degraded design values that take into account damage tolerance may be
substantially lever than pristinedesign valueand may be required in
accordance with NASSTD5019 Fracture Control Requireents for
Spaceflight Hardware

e. [MPR 37]Whenstatisticaldesignvaluesfor new or existing structural materials are
not available, theghdl be determinedyomethods described in MMPD8 SAE CMH-17and a
report documenting the derivation of the négesign valuebe male available to NASA for
review.

Design values for polymeric materials other than compositesarered by this requiremebut
are not addressed by MMPDS 08AECMH-17. The methoddescribed irSAE CMH17 are
appropriate for such maitmls.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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It is recognized that the development of statistical design values may, at times, be impractical for
materials in extreme environmentsgn project resowe limitations. In such cases, the

contractor should develop a tailored approach to adequatghstantiate the design values for

the environment and submit the approach and design values for approval via an MUA.

f. [MPR 38]The implemerdtion of an appro&h for generatingtatistical design values
that deviates from theampling methodology andagistical methodsh MMPDS orSAE CMH-
17 and he use of design values that deviate from those published in MMPDS or SAELCMH
shall beapprovedwvith anMUA.

At a minimum, the following should laeldressedn the MUA documenting the rationale fase
of the alternativepproach for generatingtatistical design values that devidtem the
guidance in MMPDS or SAE CMHT:

(1) Descrigiion of the statistical apmach

(2) Descriptionof thenumber otest specimensiumber of lots, heats, amd/production
units, e.g., welghanels, castings, parts

(3) Description of the range of relevant process parameters
(4) Verification that theest specimens are represatnte of the product specification
and product form used in the design (for metatiiaterials, the heat treatment and

thickness also need to be verified as represenjative

The following should be addressed in the Milb&umerihg the rationale for use dhe
alternaive design values:

(1) How thedesign valuesave been derived
(2) How future material lots will be verified for performance

(3) Justificationfor use of the alternate statistical methanlghe use of engineeign
reduction factors

For new or modifiedproduction methodgonsistency witkthe original qualification testig and
the associated design values should be demonstaatadappropriate structural scale

g. [MPR 39]All contractordeveloped mechanicahd physical prop¢y datashell be
made availabléo the responsible NASA M&P organization.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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418.2 Design ValeImplementation in Design

a. [MPR 40]Ma t e r idasignvdiuBsshallnot be used except in redundant structure
in which the failure of a@mponent would result in a&fe redistribution of applied loads to other
load-carrying members.

Materi al HBBd s design values are specified

structures, which are typically components or structural elememitsaredundant load path.
Mate r i a l fflAads iog 0 ichesi gn val ues may b-leassucs ed
because they are derived using a more conservative statistical method.

Note: For nonmetallic structures, this requirement appliesonlytos t i ne mat er i
values. For fracturecritical nonmetallic structures, Basis design values should bsed in
accordance with the methods outlined in NASIA>5019 B-basis design values develoded
intentionally damaged struate as part oflamage tolerance assessmematy be acceptable for
nonredundant structure. As strength and life verificatiom@nposites requires empirical
testing, it may become necessary to first develop design values representing the intrinsic
material constitutive pperties, and then separdyeestablish design values for discrete design
features which cannot be adequatedyrelated va traditional stress analysiE£xamples may
include complex phgrop scenarios, discontinuities, composite/metallic interfaces vaahd

al n

to

n |

ramps, orunique bonddglo | t ed j oi nt s. I n such cases, stric

rather than stablishing design values specific to the design feature may result in an
inadequately designed structure.

[Composite damage tolerance is odtsithe scope of this NASAchgeical Standard; NASA
STD5019, Fracture Control Requirements for Spaceflight Haneycontains requirements on
this subject.]

b. [MPR 41]Minimum property acceptance values in material specifications
(specification minimumjsnot explicitly publishedsfi S6 desi gn val ues in
an approved MUA for use aesign values

MMPDS requires three distinct lots of metal be tested and the data statistically analyzed and
t est ed b edesignealugaire eublisi&ldn the handbook.

To minmize MUA activity, a process or set of standardized criteria can be defined in the
Materials and Process Contrélan to allow the use of specification minimums for design
without MUAs Approachegouldinclude extra lot testingproof testing, substantiaig thel S 0
basis over time, high margin applicat®ror the use of substantiatedgneering reduction
factors.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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4183  Structural FastenerDesign Values

[MPR 42] Structuralfastenedesignvaluesshallbe defined by minimm loadtestrequirements
in theapplicable part and/or procurement specificatgovérnment, aerospacelustry
consensuscompanyspecific, or custonspecification).

MMPDS desigivaluesare not transferrable to fastenebgcause raw material used to kea

fasteners is reprocessednyg various metallurgical practices such as hot heading, thread

rolling, and heatreating. These processes change the strength of the metal from the original bar
stock. NASA has chosen to adopt lot tested design strengteddefithe specific fastenpart

and procurement specifications e design valuanstead of the certificatizs of the original

bar stock.

Other structural fastener requirements are identified in se@ti@r66.
4.2 Detailed Requirements
4.21 Flammability, Offgassing, and Compatibility Requirements

[MPR 43] Materialsshallmeet the requirements MASA-STD-6001B, Flammability,
Offgassing, and Compatibility Requirements and Test Procedseescribed below.

4211 Flammability Control

[MPR 44] Materials that are nonflammable or selextinguishing in their use configuration as
defined by NASASTD-6001B, Test lor an appropriate configurational flammability test per
NASA-STD-6001B, shallbe used for flammability contrevith the following excepons

a. Ceramics, metalxides and inorganic glassese exempt

b. Materials that are designed to igréted burn in their use application (for example,
pyrotechnic materials) are exempted from flammability requiremprasided that
systems/expéments using such materiage designed so that the burning materials cannot act
as an ignition source for othbardware.

c. Materials used in minor quantitiédimensions controlled so the potential fire
propagation gth is less than 15 linear cm {Bdar in)and the surface aaés no more than 80
cn? (12 square in)n crew environments and 30 linear cm (ik@ar in) for external materials)
with no propagation path or ignition source.

d. Materials used in sealed containers are exempt becaufeciaatioxygen is
availableto maintain combustion.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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e. Materials within vented electronics packages with theteases and no forced air
convection arexemptbecause of the sedixtinguishing effect of expanding combustion gases in
a constrained volum

f. Materialsthat have ben shown by test to meet the requirements of NASAD-
6001B may beused in an envimment with an oxygen concentration lower than the test level
without further testingprovided that the oxygen partial pressureagreater han the partial
pressure ate test levebr general test data exist to demonstrate that the higher oxygeh part
pressure is outweighed by the lower percentage concentration for the environments in)question

g. Materiak areacceptable when used om&tal substrate that provislan adequate
heat sinkA heat sink ionsideregdequate in the usmnfiguration by test or analysi$Vvhen
testing is conducted, ateriak paseng the flammability test on a metal substrate acceptable
on metal substraseofthe same thickness oregter.Materials that are flammable but have
thickness less than 0.25 mm (0.0&Pandare attachetb a metallic surface greater than fné
(0.062in) thick are acceptable by analysis

h. Materials are nexposed, overcoadwith a verified fireblocking material, or no
more thart/zinch thickandsandwiched between nonflammabletenglswith only the edges
exposed.

Many situations arise where flammable materials are used in an acceptable manner without test,
using mitigation practices and the MUA appval system. Guidelines for hardware flammability
assessment and mitigation da@ found in JSC 29353, Flammability Configuration Analysis for
Spacecraft Applications.

i. Flammability configuration analysis in accordance WBC 29353 shows hardware
configuration to be selextinguishing.

Material flammability ratings and tests basexad NASASTD6001B for many materials are
found in the MAPTIS database.

4.21.2 Toxic Offgassing

a. [MPR 45] All nonmetallicmaterialsused inhabitableflight compartmentswith the
exception otteramicsmetal oxidesinorganic glassesand naterials gedin sealed container
(maximum leak rate less than 1 x%1€mn*/sec) shallmeet the offgassing requirements of Test 7
of NASA-STD-6001B.

b. [MPR 46] Spacecrafmaximumallowableconcentration $MAC) valuesshallbe
obtained from JSC 20582008) Spaceraft Maximum AllowableConcentrations for Airborne

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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Contaminantsor from MAPTIS br compounds for which no SMAC values are found in JSC
20584

4.21.3  Fluid Compatibility ( Fluids Other Than Oxygen)

a. [MPR 47] An MUA shall be written rationalizing the selection of materisny of
the following conditions apply:

(1) If a material isexposed directlyo a hazaraus fluid.

(2) If a materialis exposed directly tahazardoudluid vapor.

(3) If a materialis exposed t@ hazardou8iuid liquid or avapor byfailure of asingle
barrier seh

(4) If a materialis exposed to a hazardous fluid liquid oragporby leakage or
permeation throughsingle or multiple seals.

The number of seatobe consideed for hazardous fluid exposure by leakage or permeation will
be dictated by the systemiticality and imposed fault tolerance.

The MUAIs always required for hardware acceptability ameleds to documé how new or
historical test data demotrate materials acceptability of all exposed matergtisvorstcase
operating conditionsWhen historical data areeferenced, the references neede included.
Potential effects of reactions between the hazasdluids and external environments neebe
considered

NASASTD-6001B, Test 15is a48-hour screening test for shoeterm exposure to fuels and
oxidizes.

b. [MPR 48] Appropriatelong-term testso simulate the worstase use environment
and operatinal conditionghat would enhance reactioasdegradatiorshallbe conducted for
materials with longerm exposure tbquid fuels,oxidizers, and other hazardsliquids

The test program needs to demonstrate that materials will not degudiitgentlyto affect

hardware performance before, dog, and aftetthe actual time of hazardous fluid egure,
including ground processing prioofflight, flight exposurejdormant periodspostflight

processing prior to decontaminaticand the decontamination proces$salso needs to
demonstrate that berwise acceptablmaterials do not cause unacceptable degradation of the
fluid or unaceptable release of gases/vapduse of elevated temperatures to accelerate the test

! For the purpose of thiMASA TechnicalStandardthe definition of hazardous fluids includes gaseous oxygen
(GOX), liquid oxygen(LOX), fuels, oxidizers, and other fluids treecritical or catastrophic hazards due to
chemical or physicalehradation of the materials in the systetorrosion(with theexception of general corrosion
covered by NASASTD-6012) or causng an exothernt reaction.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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and/or extapolation of minor degradation from the test duratioritte actual tine of hazardous
fluid exposure are acceptable approachBse rationale behind the aceshtion/extrapolation
parameters needs to be explained in the MUA.

NASASTD-6001B, Supplemental &t A.7, identifies changes resulting from incidental exposure
(minor anounts, such as a splash) to fuels or oxidizers.

c. [MPR 49] Materialsdegradation in log-term tess shallbe characterized by petst
analyses of the material and fluid to determheedxtent of changes in chemical and physical
characteristics, includingnechanical properties.

d. [MPR 50] The dfect of material condition (for example, patemersus weld metal or
heataffected zone3hallbe addressed in the compatibility determination.

e. [MPR 210 Materials used in nitrogen tetroxide systems shall beuatead for
flammability in nitrogen tetroxide using promoted combustion tests simildASA-STD-
6001B, Test 17, for metallic materials used in oxygen systems and Test 1 for polymeric
materials.

(1) [MPR 211 When materials are determined to be flammgadblaitrogen tetroxide
compatibility assessment shall be conductgidg the methodolyy descriled for oxygen
systems in NASASTD-6001B and the system safety rationale of this assestsdoeumented in
an MUA.

f. [MPR 212 Materials used in other oxidizeystems shall be evaluated for potential
ignition.

4.21.4  Oxygen Compatibility

a. [MPR 51] Materials andcomponents, and systems usetigoid oxygen LOX) and
gaseous oxygerGOX) environments compressed air systerrend pressurized systems
containingenriched oxygershallbeevaluatedfor oxygen compatibilityn accordance with
NASA-STD-6001B.

Material flammability ratings and tests based on NASA>6001B for many materials are
found in the MAPTIS database.

b. [MPR 52] When materia in such systemaredetermined to be flammablan
oxygen compatibility assessmestitallbe conducteds desched in NASASTD-6001B and the
systemsafety rational®f this assessmedbcumented inmMUA.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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As described in NASBTD6001B, material/componentonfiguratioral testingmay be required
to support theeompatibility assessment

Compressed aisystemsand pressurized systems containing enriched oxygennherently less
hazardous than systemontaining pure oxygen; the hazard increases with oxygen concentration
and pressure.

Guidelines on the design of safe oxygen systems are contained inMNSTBb, S&e Use of
Oxygen and Oxygen Systentéandbookfor Design, Operation, aniflaintenance ASTM G88,
Standard Guide for Designing Systems for Oxygen Service; ASBNMB@ndard Guide for
Evaluating Nonmetallic Materials for Oxygen Service; ASTM Godndard Gide for
Evaluating Metals for Oxygen Servi@nd NASA/TM2007%213740, Guide for Oxygen
Compatibility Assessments on Oxygen Components and Systems

4.2.1.4.1 Oxygen Component Acceptance Test

[MPR 53] GOX and enriched air system componethit operateat pressureabovel.83 MPa
(265 psia, with the exception of etallic componentsuchas hard lines (rigid metallic tubing),
metallic flex hoses, metallic fid fitting with all metal seals, and metallic pressure vessels
(including composite arwrappedressure vessels with metallic linersallundergo oxygen
componentacceptance testfor a minimum of ten cycleBom ambient pressute maximum
design pessurewithin 100 milliseconds tensure that all oxygen systespacdight hardware $
exposedo oxygen prior to launch.

This test is an acceptance test, not a qualification testjsarequired for all sets afpacdlight
hardware.Retesing is requied if posttest actions (such as rework, repair interfacing with
hardware having ncontrolled cleanliness) invalidate the acceptance test.

LOX system components should also bespiance tested, but the system hardware acceptance
test is normally adagate for this purpose. The number of test cycles should be as defined in the
system halware aceptance tegttypically well below the ten cycles required for gaseous
systems).

4.2.15 Electrical Wire Insulation Materials

a. [MPR 54] Electricalwire insulaton materialshallbe evaluated for flammability in
accordance with NASATD-6001B, Test 4or Test 1

Test 4 should be used for insulation on electrical power wiring where the nmaxionent
passing through the wiring can raise the temperature addv€ (120 °F) Either test can be
used for signal/data wiring and other wiring where therent is too small to raise the
temperatureabove this value

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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b. [MPR 55] Arc trackingshallbe ezaluated in accordance with NAS3TD-6001B,
Test 18for all wire insuld@ion constructions excepblytetrafluoroethylene (PTFE),
PTFEpolyimideinsulationconforming © SAE AS2275€, Wire, Electrical, Fluoropolymer
Insulated, Copper or Copper All@and sed in conditions bounded by the dry-aracking test
specified bySAE AS2275€, ethylene tetrafluoroeythene (ETFE)andsiliconeinsulated wires
(the resisance of hese materials to arc tracking has already been established

422 Metals

[MPR 56] MSFC-STD-30294, Guidelines fothe Selectionof Metallic Materias for Stess
CorrosionCracking Resistance in Sodium Chloride Environmesttallbe used to dect
metalic materials to control stress corrosion cracking of metallic materiglsaand air
environmentswith the exception that an MUA is not required for théof@ing conditions

a. Parts inelectrical/electronic assembliegth maximum tensile séiss lessian50
percentof the yield strength

b. Martensitic omprecipitationhardening PH) staifess steels used in ball bearing or
similar applications where the loadiis compressive.

This exception cannot be used for Hadlaring races for which therimary loading is tensile.

c. Carbon and low alloy hightrength steelwith strengthgreater thari240 MPa (180
ksi) used in ball bearings, springs, or similar apploretivhergheloading is compressive and
there is a history of satisfactory performanc

d. Hardwae providesho missioncritical functions
Additional information regarding metallic nexials can be found in MAPTIS.

422.1 Aluminum

Aluminum alloys useith structural applicationshouldbe resistant to general corrosion, pitting,
intergranular corosion, and stress corrosion cracking.

[MPR 57] The5000series alloys containing motiean 3 percent magnesiwshallnot be used in
spacdéight hardware thaprovides missiorcritical functionswhere the temperatuexceeds
66 °C (150°F).

Grain bounday precipitation abové&6 °C (150 °F)can creag stresscorrosion sensitivity.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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4222  Steel

4.2.2.21 Drilling and Gr inding of High-Strength Steel

When perfoming drilling, grinding, reaming, or machining of steels, istkess machining
techngues withcoolant should be used. Uncontrolled higfiness machining used without
coolantis detrimental to the steel microstructure. Untempered martensite is formekbb#utst to
cracking. Overheating can soften the steel due to overtempering or deeatimiri Lav-stress
machining practices, such as thoseSAREAMS2453,Low Stres$Grinding of SteeParts Heat
Treated to 180 ksi or Over, and Low Stress Grinding of Chielating Applied to Steel Parts
Heat Treated to 180 ksi or Oveshould be used to pvent damge to the microstructure.

a. [MPR 58] When drilling, grinding, reaming, or machinimgperformed orhigh-
strengthsteelsthat can form martensiend are useth spacdight hardware that provides
missioncritical functions a validated proceger machning shallbe used

b. [MPR 59] The absence of machining damdgehigh-strength stde used in
spacdéight hardware that provides misskanitical functionsshallbe verifiedby
microexamination of production parts (suchNaal etchinspecton) or bya microhardness and
metallurgical examination of sample péids either of the followng situations:

(1) When the material has very low toughness (suchaersitic steel above 200
ksi) and the part has low stress margins or is fatigue driven.

(2) When the grface condition of the part is critical to the design (such as its ability
to withstandhertzian stresses or remain perfectly flat)

4.2.222 Corrosion-Resistnt Steel

a. [MPR 60] Unstabilized, austenitic steedballnot beprocessed ansed abwe 371°C
(700 F) in spacdight hardware that provides misskanitical functions

b. [MPR 61] Welded assembliassal in spacélight hardware that providemission
critical functionsshallbe solution heatreated and quenched after welding exceptter
stabilzed or low carbon gradesuch as 321, 347, 316L, and 304L.

c. [MPR 62] Servicerelakd corrosion issues are common for freachining alloys
such as 303nd these alloyshallnot be used ispacdight hardware that provides mission
critical functimswhenthey carbe exposed to moisture other than transient condengsatitm
nitrogen tetroxide

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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4.2.2.23 Ductile-Brittle Transition Temperature
[MPR 63] Steelsshallnot be usedh tensionbelow theirductile-brittle transition temperatar

Alloy and carbon stes] as well aderritic, martensitic and duplex steels tend to becomgtler
as the temperature is reducdgills in ball bearingsare generally acceptablébecause they are
in compression

4.22.3 Titanium

4.2.231 Titanium Contamination

a. [MPR 64] All cleaning fluids and other chemicals used during manufacturing and
processing of titanium hardwafer spacéight hardware that provides nsisn-critical functions
shallbe verified to be compatible and not detrimental togerance biore use.

Hydrochloric acid, chlorinated solvents, chlorinated cutting fluids, fludedahydrocarbons,
and anhydrous methyl alcohol can all produce stressos@mn cracking. Mercury, cadmium,
silver, and golchave been shown to cause ligmngtal-induced embrittlement and/or solid
metatinduced embrittlement in titanium and its alloyquid-metatinduced embrittiement of
titanium alloys by cadmium can occaas low asl49°C (300°F), and solidmetatinduced
embrittlement of titanium alloysylcadmiuntan occur as low as room temperature.

b. [MPR 65] The surfaces of titanium and titamalloy mill productsusedfor
spacélight hardware that providemissim-critical functionsshallbe 100percentmachined,
chemically milled, or pickled to sufficiert depth to remove all contaminated zones and layers
formed while the material was at eéded temperature.

Contaminded zones and layers may be fornasda resit of mill processing, heat treating, and
elevated temperatusirming operations.

4.22.32 Titanium Wear

Titanium and its alloys exhibit very poor resistance to wear. Frettingoteurs at interfaces
with titanium and its alloykasoften contributd to crack initiation,especially fatigue initiation.
The preferred policy is a desidginat avodsfretting and/or wear with titanium and its allays
Bolted joints are not considered fret.

[MPR 66] All regiors of titanium alloygor spacélight hardwae that provides missioaritical
functionsthat aresubjectto fretting or weashallbe anodizé perSAE AMS2488, Anodic
Treatment Titanium and Titanium Alloys Solution, pH 13 oidter, or hardcoatedutilizing a
wearresistance materigguch as turgien carbide/cobalt thermal spray.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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42233 Titanium Flammability

a. [MPR 67] Titaniumalloysshall not be used with LOX or GOX at any pressure or
with air at oxygen partial pressurasove35kPa(5 psig.

b. [MPR 68] Titanium alloysshallnot be machinedside spacecraft modules during
ground processing or in flight, because machiningatmers cangnite titanium turnings and
cause fire.

4.2.2.4 Magnesium

a. [MPR 69] Magnesium alloyshall not be used in primary structusein other areas
of spacdlight hardware that provides misskanitical functionsthat aresubject to wear, abuse,
foreign objet damage, abrasion, erosion, or where fluid or moisture entrapment is possible.

b. [MPR 70] Magnesium alloyshallnot be machined inside spacecraft modules durin
ground processing or in flighiecause machining operations can ignite magnesiurmgs and
cause fire.

4.2.2.5 Beryllium

Berylliumalloys are exceptionally lightweight but amet oftenused because of the extreme
toxicity of beryllium salts and ades and because is unusudy susceptible to damage. Alloys
containing up to gercentberylium by weight are not an issugrovided they are not machined
inside spacecraft crewompartments

a. [MPR 71] Alloys containing more thangercentberyllium by weightshallnot be
used for primary structural applications.

b. [MPR 72] Alloys containirg more than 4 percent beryllium by weightallnot be
used for any application withirpacecraft crew compartments unless suitably protected to
prevent erosionr formation of salts or oxides.

c. [MPR 73] Design of beryllium partfor spacélight hardwae that provides missien
critical functionsshalladdress its lowmpact resistance anatch sensitivity, particularly at low
temperatures, and its directionadterial properties (anisotropy) and sensitivity to surface finish
requirements.

d. [MPR74] All beryllium partsused inspacéight hardware that provides mission
critical functionsshall be processed to ensure complete removal of the damaged layeraftains
microcracks) produced by surfageetatworking operationssuch as machining argtinding.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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Chemical/milling and etching are recognized successful processes for removal ahdgeda
layer.

e. [MPR 75] Beryllium-containingalloys (including alloys ontaining less than 4
percent beryllium by weighgnd oxides of berylliunshallnotbe machind inside spacecraft
crew compartments at any stage of manufacturing, assembly, testidigjcation, or operation.

Stripping, crimping, and cutting electricaire are not considered to be machining
operations.

f. [MPR 76] All beryllium partsused inspacdlight hardware that provides mission

critical functionsshallbe penetraninspectedor cracklike flaws with a highsensitivity
fluorescent dye penetramtaccordance with section 4.2.5.

4.2.2.6 Cadmium

Cadmium is highly toxic, can suivle and case outgassing contaminatiam elevated
temperaturesn vacuum, and can cause liquid mlegmbrittlement of titanium and some steel
alloys.Cadmium plating cangontaneously form cadmium whiskers.

a. [MPR 77] Cadmiumshallnot be used in crear vacuumenvironments.

b. [MPR 78] Cadmiumplated toolsand other hardwarghallnot be used ithe
manufactureor testingof spacdlight hardwarethat provides missicaritical functions

4227 Znc

[MPR 79 Owingto z i nabifitysto grow whiskerszinc platng other than black ziraickel
platingshallnot be usedh spacélight hardware thaprovides missiorcritical functions

Metallic zinc is less volatile thasadmium but should not be used in vacuum environments
where the temperature/pressuaavironmat could cause contamination of optical surfaces or
electrical devices.

4.2.2.8 Mercury
a. [MPR 80] Equipment containing mercushallnot be used where the mergwould
come in contact with spaceflight equipment during manufacturing, asseggi|ychec&ut, and

flight.

Mercury has the potential for causing ligundetal embrittlement.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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b. [MPR 81] Spacelight hardware (including fluorescent lamps) containing mgrcu
shallhave three levels of containment to prevent mercury leakage.

Nonflightlamps containhg mercury, such as those used in hardware ground processing and
fluorescentdyepenetrant inspection of flight partsare acceptable, provided that the bulbg ar
protected by a neshatterable, lealproof outer container.

4.2.2.9 Refractory Metals

[MPR 82] Forrefractory alloys (alloys with a melting point above 2000 °C (3600 °F), plusuasm
and iridium)used inmissioncritical applicationstestsshallbe p&formed to characterizeritical
design propertiefor the intended application anlget data doumented iranMUA.

Engineering data on refractory alloys are limited, especially uredg&reme environmental
conditions of spacecratft.

4.2.2.10 Superalloys (Nckel-Basedand Cobalt-Based)

In these requirements, a superalloy refers to a miakecobdt- based alloy that retains all or
most of its strength at usage temperatures approgch88°C (1000°F) and higher. Examples
include both wrought productsrch asinconel 718nd castingsuch asvar-M-247 and Inconel
625

a. [MPR 83] High-nickel cortent alloys are susceptible to sulfur embrittlement;
therefore for spacdlight hardwarethat provides missicaritical functions any foreign material
which coud contain sulfur, such as oils, grease, and cutting lubricstmaipe removed by
suitable neans prior to heat treatment, welding, or high temperature service.

Some of the preci@ition-hardening superalloys are susceptible to alloying element depkstio
the surface in a high temperature, oxidizing environnigickelbased superallgs are

suseptible to grain boundary cracking phenomena at elevated temperatures, such as Stress
Assisted Grain Boundary Oxidan Embrittlement (SAGBOE), and to stregpture during heat
treatment

b. [MPR 84] Thereduction to design propertie§ alloying elemat depletion at the
surface in a high temperature, oxidizing environnstat be evaluted when a thin sheef one
of these alloyss usedor spacdlight hardvare that provides missiegritical functions since a
slight amount of depletion ctlinvolve a considerable proportion of the effective cross section
of the material.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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4.2.2.11 Tin

High-purity tin and tin platingare susceptible to two degradation pberena: tin whisker
growth and tin pest (sometimes known as tin plagtefollowing requirenents for tinwhisker
mitigationmay not beadequate to prevent tin pest from occurring

a. [MPR 85] For spacéight hardware that provides missi@nitical functions, tin and
tin platingshallbealloyed with at least 3 percent lelag weightor other poven alloying
element(s}jo prevent tin whisker growth

b. [MPR 86] Tin and tin plating alloyed withless thar8 percent leatdy weight andused
in electricalelectronic applicationshallcomply withGEIA-STD-00051A, Performance
Standard foAerospaceindHigh Performance Electronic Systems ContairliegdFree Solder
andControl Level2C requirements d&EIA-STD-00052A, Standard for Mitigating the Effects
of Tin Whiskers in Aerospace and Higlkerformance Electroni8ystemswith the folloning
excepions:

(1) Solder alloy Sn96.3Ag3.7 (Sn96) used for higmperature applications

(2) Sdder alloy Au80Sn20 used as a die attach material or as a package sealing
material.

(3) Tin alloys containing less than p@rcentin by weight

c. [MPR 87] Whenhigh-purity tin and tin platingare usedor spacélight hardware that
provides missioftritical functionsand will also beexposed taemperatures below Xg for
periods longer than 6 months, the method for preventing tin pest forrshidlbe documered
in the materials control plan

At this time, insufficient data exist to define hard requirements for controlling tin pest. Alloying
with more than Jercentlead or smaller quantities of antimony or bismuth significantly slows
tin pest formabn but mg not eliminate it completehAlloying recommendations based on
weight percentage are:

(1) Not less than 5 percent lead

(2) Not less than 0.3 percensimuth

(3) Not less than 0.5 percent antimony
(4) Not less than 3.5 percent silver

d. [MPR 88] Tin platingshallnot be used for contadits electricalinterconnects
(connectors, sockets, switches, efor)spacdight hardware that provides misstanitical
functions

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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Tin plating has been demonstrated to have oxidation, wearveelt] fretting, and tin whisker
issues that reduce performance and reliahiliiyn platingmaybe accepted through the MUA
process, provided appropriate contr@tontad lubricant, stabilant, etc.are used tonitigate
the performance and/or reliability ris

4.2.3 Nonmetallic Materials
42.3.1 Elastomeric Materials

a. [MPR 89] Elastomeric materialgsed inspacdight hardware that provides mission
critical functiors shallbe selected to operate within design parameters farsi@llife of the
hardwae.

b. [MPR9Q] Eladomeric materialsised inspacdlight hardware that provides mission
critical functions other than those used in gffe-shelf partssuch as cdb clampsshallbe cure
dated for tracking purposes.

c. [MPR 91] Roomtemperaturerulcanizing (RTV) siliconesthatliberate acetic acid
during cureshallnot be usetbecausehey can cause corrosion.

d. [MPR 92] When rubbers or elastomexse usedt low temperatures spacdight
hardware that provides misstanitical functions the ablity of these materials to maintain and
provide required elastomeric propertgsllbe verified.

Elastomers do not seal effectively below their glaassition tenperature and the ability of
elastomers to seal decreases significantly as the-glassition tenperature is approached. The
high glasstransition temperature of Vit@rubbers was a major contributor to the loss of the
Space Shuttle Challengemd othe elastomers may struggle to retain sealing performance at
spacecraft temperatures.

4.23.2  Polyvinyl Chloride

[MPR 93] Use of polyvinylchloride onspacdight hardwareshallbe limited to applications in
pressurized areas where temperatures do noedd&¢C (120 °F).

Polyvinyl chlorideoffgasses unacceptatdytemperaturesbove 49 °G120 °F).It is also
normally flammable in pressurized areas of spacecsaft when it is usedts flammabilityhas
to be controlled in accordance witection4.21.1.

Polyvinylchlorideis notvacuumcompatible

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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Rigid polyvinyl chloride tubing is ncacceptake for pressurized gas applicationsecause itan
have a brittle failure when used for pressurized gas transport.

4.2.3.3 Composite Materials

Requiremergtand guidancen materials desigmalues for polymer matrixceramic matrixand
metal natrix compsitesare insection 4.18. Requirements on sandwich assemldiesin
section4.2.6.2

4.2.3.4 Lubricants

NASATM-86556, Lubrication Handbodior the Spae Industry, Part A: Solid Lubricants, Part
B: Liquid Lubricantsprovides guidancenthe evaluabn and selection of lubricants for
spaceflight systems and compone@isidelines on additional lubricantsot listed in NASAT M-
86556are contained in NASBR-2005213424, Lubrication for Space Applicatiomhsibricants
containing chlorefluoro componentsnay react with newlgxposed rubbing surfaces of
aluminum, magnesium or titanium alloys, esplly at elevated temperatures

4.2.3.5 Limited -Life Iltems

[MPR94] All materialsshallbe selected to meet the useful life of the hardware with no
mantenanceor be identified as limitedife items requiring maintainability.

4.2.3.6 Thermal Vacuum Stability

a. [MPR 95 Nonmetallic materialthatare exposed to spagacuum with the
exception oftceramics, metal oxidesorganic glassesndcetyl alcotol lubricants used on
fastenersutside closed compartmenshallbe tested using the techniqueASTM E59515,
Standard Test Method fdiotal Mass Loss and Collect&/olatile Condensable Materigfi®m
Outgassingn a Vacuum Environment, with acceptanméeriaas follows:

()OO0 . 1 matlectedeatatile condensablenaterials (CVCM)

(2)01. 0 potaimassioss (TML)lesswatervaporrecovery (WVR) exaept that
a higher masbkssis permitted if this mass loss has no effect on the functionality
of the material itselnd no effect on the functionality of any materials,
components, or systems that could be adversely affected by the subject mass loss.

Many materials contain absorbed wat®ut the loss of absorbed water does matmally affect
functionality, so the WY (a measure of the total water vapor lost in A82TME59515test) is
subtracted from the TML

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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More stringent requirements may be neefigdnaterials that are line of sight to contamination
sensitive surfaces on spacecraft or attached vehiClestamnationsensitive surfaces include
windows, lenses, star trackers, solar arrays, radiators, and other surfaces with highly controlled
optical properties.The approach taken depends on the specific program needs but may include
lowering the CVCM requiremetdO0 . 01 p e r,cse of optic@l\s@fates in testing to
characterize the effects of deposition, or measurement of outgassing deposition rates as
functions of source and target temperat(ttee standard test method is ASH#559, Standard

Test Method foContamination Outgassing Characteristics of Spacecraft Materaid)

calculating deposition on critical surfaces using an integrated vehicle mspatecraft with
cryogenic optics may be sensitive to water vapor deposition; in such cases, the WVRoivould
be subtracted from the TML.

b. [MPR 96] With the following exceptions,drdware itera (componers, assembés
etc.) containing materials that fail the CVCM requirement and/or having unidentified materials
shallbe vacuum baked #te maximum tolerableemperature of the componeh@ °C above the
maximum predicted operating temperature, or an alternate temperature selected by the
program/project, to meéhe program/project acceptance outgassing criteria

(1) Materials that areot near a critical surfa@nd have a ¢CM between 0.1 and
1.0 percenaind an exposed surface aless than 13 cA{2 in?) are exempt

(2) Materials with an gposedsurface aretess than 1.6 cf{0.25 irf) are exempt

(3) Materials that arenexposed, overcoated, or encapsulated wighayed
materids are exempt

(4) Materiak enclosed in a sealed container (maximum leak rate less than“. x 10
cm’/sed are exempt

Determination of acceptable molecular outgassing limits, selection of the bakeout method and
temperature, and determinatiof the specific bakeout completion criteria are the responsibility of
the program/project. ASTM E2900, Standard Practice for SpacddaaftwareThermal Vacuum
Bakeoutis recommended as a guide for performing thermal vacuum bakeout.

A vacuurdbaketemperatire of 125 °C (257 °Hthe ASTM E5985 screening temperaturenay

damage somgpacdlight hardware. Temperature requirements for hardware thermal vacuum

bakeout should be adjusted to prevent damage to components. Because bakeout time and efficiency
are cependent on temperature, the chosen temperature should be the highest possible without
damage to hardware.

A hardware functionality bench testouldbe performed to r&erify performance after baking.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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4.2.37 External Environment Survivability

[MPR 97] The critical properties ahaterials exposed in the spacecraft external environment
shallmeet operational requiremetits their intended lifecycle exposure.

Applicable space environments inclutemic oxygen, solar ultravioléUV) radiation, ionizirg
radiation, plasma, vacuum, thermal cycljrmond contaminationApplicable planetary
environments, such as dust and planetary atmospheegsalso applyMeteoroids and orbital
debrisshouldalso be considered in the analysis of ldagn degradation.

4.2.3.8 Fungus Resistance

[MPR 98] Materialsthatare nonnutrient to fungi, as identified in MHHDBK-454B, General
Guidelines for Electronic Equipment, Requiremerfudngusinert Materials, Table-4, Group I,

shallbe usedn launch vehicles anpressirizedflight compartmentsexcept when onefdhe
following criteria is met:

a. Materiak havebeen tested to demonstrate acceptabilityMiér-STD-810G,
Department of Defense Test Method Standard for Environmental Engineering Considerations
and Laboratoryfests, Method 508.

b. Materialsareused in crew areas where fungus would be visible and easily removed.

c. Materialsareused inside sealed containémsaximum leak rate less than 1 x40
cm¥/sec)with internal container humidity less than @€rcent relatie humidity RH) at ambient
conditions.

d. Materialsareused inside electrical boxes where the temperature is always greater
than or equal to the ambient cabin temperature.

e. Materialshaveedge exposure only.
f. Materialsarenormally stowed with no risk of colensation in stowage locations.

g. Materialsareused on noncriticabff-the-shelf electrical/electronic hardware that is
stowed and/or used in crew areas.

h. Materials ardluorocarbon polymer@ncluding ETFE) or silicones.
i. Materials are used imrew clohing items.
NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
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When fungusiutrient materialshaveto be useqand none of the above exception criteria are
met)and an MUA is submitted for approval, supporting rationale should include how materials
are treated to prevent fungus growilsing a fungus trément that does not adversely affect unit
performance or service life, does not constitute a health hazard to higher order life, and is not
leached out by the use environment.

4.2.3.9 Glycols

[MPR 99] When solutions containingjycols (aliphatic dihydri@lcohol3 are used aboard
spacecrafthathave electrical or electronic circuits containing silver or sibeated copper, a
silver chelating agensuch as benzotriazole (BZ®Bhallbe added to the solution to prevent
spontaneous ignition from the ré@an of silver withtheglycol.

This reaction is known to occur for ethyleaned propylene glycol. &utions containing other
glycols may be exemptedaktingis conducted talemonstrate thahe spontaneous ignition
reactiondoes nobccur.

4.2.3.10 Etching Fluorocarbons

a. [MPR 100 The etching oPTFE, perfluoroalkoxy (PFARnd fluorinated ethylene
propylene (FEP3hallmeet the requirements BAE AMS2491F, Surface Treatment of
Polytetrafluoroethylene, Preparation for Bondiwtpen adhesion to theutbrocarbon surface is
required except that for insulated wire or cable a pull test opromluced specimens may be
performed in lieu of the tensile and shear strength tests in AMS24&ion 3.5.2

Adhesion to the fluorocarbon surface is required feceical wire or cable insulated or coated
with fluorocarbons intended for potting if mechanical bond strength and environmental sealing
are a design requirement.

b. [MPR 101 Etched surfaceshallbe processed within 24 hourswithin 1 year if
packagd per SAEAMS2491F.

The open end of the wishouldnot be exposed to the etchant.
4.2.4 Processes
42.4.1 Heat Treatment
a. [MPR 107 Heat treatment of aluminum allsysed inspacéight hardware that
provides missiostritical functionsshallmeet theequirements of SABMS27725, Heat

Treatment of Aluminum Alloy Raw MateriglSAE AMS2770N, Heat Treatment of Wrought
Aluminum Alloy Parts or SAEAMS2771E, Heat Treatment of Aluminum Alloy Castings.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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b. [MPR 103 Heat treatment ofteelalloysused inspacélight hardware that provides
missioncritical functionsshallmeet the requirements of SAEMS-H-6873, Heat Treatment of
Steel Raw Materials, or SAEMS275%, Heat Treatment of Steel Parts, General Requirements.

c. [MPR 104 Heat treatment of titanium alleysed inspacdight hardware that
provides missioftritical functionsshallmeet the requirements of SAMS-H-8120M, Heat
Treatment of Titanium and Titanium Alloys, for raw stock and SAE AMSB3bleat
Treatment of Titanium Alloy Parts, for parts regug heat treatment during fabrication.

d. [MPR 105 Heat treatment of nickehnd cobaHlbased alloy partssed inspacéight
hardware that provides missientical functionsshallmeet the requirements of SAE
AMS2774, Heat Treatment, Wrought Nickel Alland Cobalt Alloy Parts, or SAE
AMS277FE, Heat Treatment, Cast Nickel Alloy and Cobalt Alloy Parts.

Care shouldbe taken in design of heat treantfixturing andin heat treamentproceduredor

nickel and cobaltbased alloy parts to avoid thetrodudion of excessive tensigressinconel

718 partshave failed through SAGBOE and stregpture from stresses induced by as little as

an abrupt change in part thickness combined w
furnace.

These AMS heat treaaentspecifications require hardneasdor conductivity measurements to
verify the adequacy of the heat treatment prodessiany cases, hardness tests are inadequate
for spacecraft hardwareand testing of processontrol tensiletest coupons is requide

e. [MPR 106 Forspacdight hardware that provides misstanitical functions process
control tensiletest couponshallbe taken from the production part (or from the same material
lot, havingthe same thicknessand processed identically to the puaton part) to verify the
adequacy of the heat treatment prodesshe following conditions:

(1) Aluminum alloysare ®lution heattreated

(2) High-strength steels (>200 ksi (1380 MPa) UTS), tool steels, and maraging steel
alloys are heatreatedo high strength levels

(3) A286 or MP35N alloys (which have poor correlation between hardness and
tensile strength) are heat treated

(4) Titanium alloys ar@nneagdor solution heat treatland agd

(5) Nickel- and cobaHlbased alloys are work strengthenetble age hardening,
resulting in agéhardened tensile strengths greater than 1030 MPa (150 ksi) UTS

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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(6) Precipitation hardenable nickednd cobalbased Boys are solution heat treated

Note: Representative tensile test coupons are preferred over hardnesconductivity
measurements for aging of aluminum alloys.

f. [MPR 107] When pocesscontrol tensiletest couponsare required,he requirement
for thecouponsshallbe specified on the engineering drawing for the part.

g. [MPR 10§ If no tensile values aravailable in MMPDS for a specific allotensile
testacceptance valueshallbe specified on the engineering drawing for the part

h. [MPR 109 Materiak shallnot be usedéh spacéight hardware that provides mission
critical functionsoutside the limitof their procurement specification, heat treat specificatoon,
MMPDS specification

Procurement specifications, heat treat specifications, and MMPDS all limit product size of metal
stock to ensure full consolidation of cast structure, product unifoyiaig consistent
mechanical properties.

4.2.42  Forging

Because mechanical properties are optimum in the direction of material flow during forging,
forging techniqueshouldbe used thatwhenever possibleroduce an internal graiflow

pattern such thiethe direction of flow is essentially parallel to the principal stresderging
techniques do not allow f@n internal grainflow pattern suchhatthe direction of the flows
parallel to the principal stresses, pagbouldbe designed such thate weakest grain flow
direction is not in line with the principal stress@e forging patterntouldbe essentially free
from re-entrant and sharply folded flow lines.

a. [MPR 110 Where forgings are used mmissioncritical applicationsfirst-article
(preproduction) approvahallbeobtained fronthe procuring authority.

First article requirements apply to all forgings, including hand forging and spin forming. The
first article requirements may be waived for hand forging by review of the forging ptargth
the MUA process.

b. [MPR 111 Firstarticle approval and the controls to be exercised in producing
subsequent production forgingsallbe in accordance witBAE AMS2375D, Control of
Forgings Requiring First Article Approval.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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Mechanical propertieseding requirementsnay include fracture, durability, or damage
tolerance testing

c. [MPR 112 After the forging technique, including degree of working, is established,
the first production forginghallbe sectioned to show the grdiaw patterns and to detmine
mechanical properties at control areasl the trim ring/protrusiogpecimens (prolongations).

d. [MPR 113 The mechanical properties$ thetrim ring/protrusion specimens
(prolongations¥or the first article shall be compared to the control couporshiow they are
predictive of the properties in the body of the first article

e. [MPR 114 Sectioring to show the grahflow patterns and to determine mechanical
properties at control areaballbe repeated after asybstantivechange in the forging
techhique as determined by M&P analysis

The information gained from this effastutilized to redesigthe forging as necessary.

f. [MPR 115 Thesedata and results of tests on the redeslwadlbe retained and made
available for review by the procuriragtivity.

g. [MPR 114 Trim ring or protrusiorspecimengprolongationsyhallbe obtained for
eachproductionforging used in safetgritical applicationsand tested for required minimum
mechanical properties

h. [MPR 117] Surface and volumetrinondestructive inspectiorNDI) shallbe
performedon all safetycritical forgings

4243  Castings

a. [MPR 118 Castingaused inspacdlight hardware that provideissioncritical
functionsshallmeet the requirements SAE AMS217%A (2010) Castings, Clasication and
Inspection of.

b. [MPR 119 Wherecasings are used imissioncritical applicationspre-production
castingsshallbe subjected to firsdrticle inspection to verify proper material flow, proper
material integrity, minimum required mechanipebperties, proper grain size, and
macro/microstructure.

c. [MPR 120 The mechanical properties in trim ring/protrusion of the first article shall
be compared to the control coupons to show they are predictive of the properties in the body of
the first artide.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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Mechanical properties testing requirements may include fracture, durability, or damage tolerance
testing.

d. [MPR 121] The same casting practice and keahting procedurshallbe used for the
production castings as for the approved {faricle castings.

e. [MPR 127 For Class 1 and Class 2 castings (classes as defined bABAE175A (2010),
mechanical property testing of integrally cast or excised tensile bars at critical lochtatie
conducted to ensure foundry control of cast lots.

f. [MPR 123 Periodic cutups or functional testinghallbe conducted for Class 1 and Class 2
castings (classes as defined by SMNES2175A (2010).

g. [MPR 124 Surface and volumetricondestructive inspectisghall be performed on all
safetycritical castings.

4244 Formed Panels

Barrel and gore panels with complex geometries and integral stiffeners are often formed by
processes such as roll forming, brake forming, peen forming, stretch forming, and explosive
forming and then heat treatelhe mehanical and thermal forming processes can result in
strength and toughness variations across the panel.

a. [MPR 125 Whereformed panelsre used imissioncritical applicationspre-
productionpanelsshall be subjected to firstrticle inspection teerify proper material integrity,
minimum required mechanical properties, proper grain size, and macro/microstructure.

b. [MPR 126 The mechanical properties of the fipbductionarticle shall be
compared to control coupons to show they are prediofittee properties in the body of the first
article.

Mechanical propertiesesting requirementsay include fracture, durability, or damage
tolerance testing

c. [MPR 127 The samdorming practice and hedteating procedure shall be used for
the productiorformed panelas for the approved firgtrticle panels

d. [MPR 128 Sectioring to determine mechanical properties at control asbabe
repeated after argubstantive change in the famg techniqueas determined by M&P analysis

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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e. [MPR 129 Surfaceand volumetricNDI shallbe performean all safetycritical
formed panels

Given the complexities of some formed panels, volumetric NDI may be performed as a raw stock
inspection.

4.2.45  Adhesive Bonding

a. [MPR 130 Structural adhesive bondirgpall meetMSFCG-SPEG445A, Adhesive
Bonding, Process and Inspection, Requiremimnts

The Operator Certification Plan and the Adhesive Control Plan may be described in the
implementing process specificationplace of submittal to NASA for approval

Reestirg of adhesives used for production parts is not required if they are within shelf life

b. [MPR 131 Structural adhesive bonding processhallbe controlled to prevent
contamination that would cause structural failin@ could affect the safetyf the mission,
crew, or vehicle paffectmission success.

The sensitivity of structural adhesive bonds to contamination is of particular coBuerd.
sensitivity studieshouldbe conducted to verityatthe required adhesive properties are
maintainedafter exposure to potential contaminant species and concentrafodsn-process
cleanliness inspectiorshouldbe conducted as part of the bonding proc&dgone
contaminatioris a particular concern because it severely degrades adhesive performance

c. [MPR 132 Bonded primary structural joinshalldemonstrate cohesive failure
modes in shear.

4.2.46  Welding

The design selection of parent materials and weld mettuaisldbe based on consideration of
the wetiments, including adjacent heaffectedzones, as they affect operational capability of
the parts concernedPeaking and mismatch limits should be considered in the mechanical
properties.

Welding procedureshouldbe selected to provide the required weld quality, minimum weld
energy inputandprotection of the heated metal from contamination.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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The suitability of the equipment, processes, welding supplies, and supplementary treatments
selectecshouldbe demonstrated through qualification testing of welded specimens representing
the materia$ andjoint configuration of production parts.

Working with thedelegatedrechnical Authority and NASA M&P organization,

Programs/Projects will assess if it is more beneficial to directly use welding specifications cited
in this section or destop alternativesThe requirements in this section provide compliance with
NASASTD-5006A, General Welding Requirements for Aerospace Materials. If the requirements
in this section are met, no further application of NASPFD-5006A is needed.

a. [MPR 133] If alternative specifications to thoszted in this sectiomre utilized or
developed, those specifications shall meet the requirements of MABK006A, General
Welding Requirements for Aerospace Materials

Note: NASASTD5006A defines weld classan terms of wel criticality (with Class A
representing safetgritical structural welds) and AWS D17.1/D17.1MMD 1defines weld
classes in terms of inspection requirements (with Class A representing the most stringent
nondestructive inspection requirents).

b. [MPR 134 Material Review Board dispositishallbe requiredor weld
repair/rework/processing activities that are inciccordance with the approved weld process
specification (WPS)

Examples include:

Wrong filler metal used

More than tvo attempts perfoned at the same location on haansitive materials

More than five attempts performed at the same location on materials that are not heat
sensitive

Repair weld required after the weldment has beenwe#d heat treated

Repair weld reqired after finalmachining has been completed

Repair extends outside the original weld zone

Weldment has been direct aged

Repairs following proof or leak test

NI N

c. [MPR 135] A weld development and certification plan shall be developed for large
strucural welded compents suchscrew modules and welded cgenictanks.

This plan should include full scale pathfinder weldisetooling development, andlasign
values program including sensitivity testing.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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4.2.46.1 Fusion Welding

[MPR 136] Theprocessing and @lity assurance requirements for manual, automatic, and
semiautomatic welding for spaceflight applicatidimst provide missioritical functionsshall

meetthe requirements AWS D17.1D17.1M(2010)AMD 1 (2012) Specification for Fusio

Welding for Aeospace Applicationsvith the followingmodifications/additions

Note:AWS D17.1/D17.1NR010)AMD 1 (2012)definesweld classes in terms of inspection
requirements (with Class A representing the most stringent nondestructive inspection
requirements).

a [MPR 137 Mission-critical structural veldsshallcomply with AWS D17.1D17.1M
(2010)AMD 1 (2012) Class A requirements.

b. [MPR 13§ Other structural weldshallcomply with AWS D17.1D17.1M (2010)
AMD 1 (2012) Class A orClass B requements.

c. [MPR139 Non-critical welds (including seal weldshallcomply with AWS
D17.4D17.1M(2010)AMD 1 (2012) Class C requirements.

d. [MPR 140 All Class A and Class B welds (including manual welds), as defined by
AWS D17.¥D17.1M(2010)AMD 1 (2012) shallbe qualified in accordance wikWwS
D17.4D17.1M(2010)AMD 1 (2012)

AWS G2.4/G2.4M5uide for the Fusion Welding of Titanium and Titanium Allsysuld be
used for guidance on titanium welding.

e. [MPR 141] Titanium weldsshall be ight/dark straw pbetter (Ref. AWS
D17.1/D17.1M(2010)AMD 1 (2012) Table 7.1)

f. [MPR 142] Titanium and its alloys shall be welded with ali@atching or
metallurgically compatible fillers or autogenously.

Ti-6Al-4V filler metal is considered to Imetallurgicallycompatible with FBAI-2.5V.

g. [MPR 143] Extralow interstitial (ELI) filler wires shall beised fortitanium
cryogenic applications and are preferred for general applications.

h. [MPR 144] Commerciallypure (CP) titanium filleshall not be use@dn Ti-6Al-4V or
other alloyed base material.

Hydride formation can occur in the weld, which can produce a brittle, catastrophic failure.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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i. [MPR 145] Nitrogen, hydrogen, carbon dioxidend mixtures containing these gases
shallnot be sed in welding tanium and its alloys.

Care needs to be exercised to ensure complete inert gas (argon or helium) coverage during
welding.

(1) [MPR 146] The inert gashall have a dew point e60° C (-76° F) or lower.

].  [MPR 147] Welded alpharad alpha plus battitanium alloys shall be stress relieved
in a vacuum or inert gas environment (Ar or He), or stress relieved in air with verification of
oxide removal per SAE AM&I-8120® or SAE AMS2801B, or certified in the asvelded
condition.

k. [MPR 148] Titaniumbeta alloys that are welded shall be evaluated on abyasase
basis with respect to stress relief.

Note: Stress relief of weldments does not require tensile test coupons.

[. [MPR 149 Laser weldindor spacéight hardware thaprovides missioscritical
functionsshall comply withAWS D17.1/D17.1M2010)AMD 1 (2012)or AWS C7.4C7.4M
(2008) Process Specification and Operator Qualification for Laser Beam Welding.

m. [MPR 15Q Electron beam weldinpr spacdight hardware thbprovides missio-
critical functionsshall conply with AWS D17.1/D17.1M2010)AMD 1 (2012)or SAE
AMS2680C, ElectronBeam Welding for BtigueCritical Applications

Compliance with SAE AMS268(s preferred but compliance with AWS D17.1/D17 (PRI10)
AMD 1 (2012)is aceptable.

n. [MPR 151 The following welding practicegermitted by AWS D17.1/D17.1M
(2010)AMD 1 (2012)shallnot be used without an approved MUA to document the acceptance
rationale:

(1) Welding from both sides if full penetration of thest pass is noterified (either
by inspection of the back side or by grinding prior to welding on the opposite
side).

(2) Partial weld penetration istructuralwelds.

(3) Straightening operation after welding.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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(4) Lapwelds instructuralapplications.

0. [MPR15Z The Welding Procedure Specification (WR&allinclude the following
content in addition to that required by AWS D1D17.1M (2010)AMD 1 (2012)

(1) Prequalified rework welds in accordance with AWS D13177.1M (2010)AMD
1 (2012)

(2) Teding and documentation of allowable parameter variations for automatic and
semiautomatic welds.

(3) Manual welding parameters.

(4) An associated Procedure Qualification Record (PQR) with tension testing and
macreexaminatiorresultsas part of weldjualification requirements.

Qualification strength requiremenstiould be included in weld qualification test acceptance.
Qualification strength values are not the same as materials dealgas

4.2.4.62 Resistance Welding

[MPR 153] Resistance weldg for spacélight hardware that provides misstanitical functions
includingresistance spot welding (RSY¢hall meet the requirementsAWS D17.2/D17.%4
(2013, Specification forResistance Weldinfpr Aerospaceé\pplications

4.2.46.3 Friction -Stir Welding of Aluminum Alloys

[MPR 154] Friction-stir welding of aluminum alloy$or spacdight hardware that provides
missioncritical functionsshallmeet the requirements AWS D17.3D17.3M (2016),
Specification for Friction Stir Weldg of Aluminum Aloys for Aerospace Applications

4.2.46.4 Inertia Welding

[MPR 155] Inertia weldingfor spacéight hardware that provides misskanitical functionsshall
meet the requirements of MIBTD-1252(1975) Inertia Friction Welding ProcesBrocedure
and Peformance Qualification.

a. [MPR 156] Surface inspection (penetrant) and volumetric inspection (radiography)
shall be performed.

b. [MPR 157] All welds shallbe poof tesed

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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c. [MPR 158] Inertia welds used in fluid systersisallbe relium leak tested.
Acceptable helium leak rates should be defined by the system.
4.2.47  Brazing

a. [MPR 159] Brazingfor spacdight hardware that provides misskanitical functions
shallbe conducted in accordance with AWS C@808) Recommended Practices fdesign,
Manufadure, andexaminationof Critical Brazed Components.

b. [MPR 160] Brazing of aluminum alloyfor spac#ight hardware that provides
missioncritical functionsshallmeet the requirements of AWS CBI/C3.7(2011) Specification
for Aluminum Brazing.

c. [MPR 161] Torch, induction, and fmace brazindor spacdight hardware that
provides missioftritical functionsshallmeet the requirements of AWS CBIAC3.4(2016),
Specification fofTorch BrazingAWS C3.9V/C3.5(2016), Specification foinduction Brazing;
andAWS C3.6M/C3.62016) Specification foiFurnace Brazing, respectively.

d. [MPR 162] Subsequent fusiewelding operations in the vicinity of brazed joints or
other operations involving high temperatutiest might afect the brazed joi shallbe
prohibitedfor spacéight hardware that provides missianitical functionsunless it can be
demonstrated that the fixturing, processes, methods, and/or procedures employed will preclude
degradation of the bradgoint.

e. [MPR 163] Brazed jontsused inspacdight hardware that provides missianitical
functionsshallbe designed for gar loading and not be relied upon for strength in axial loading
for structural parts.

f. [MPR 164] The shear strength of brazed jointed inspacdight hardware that
provides missiorcritical functionsshallbe evaluated in accordance with AWS 08/23.2
(2008) Standard Method for Evaluating the Strength of Brazed Joints.

g. [MPR 165] For furnace brazing of complex configuratiaispac#ight hardware
that provides missin-critical functions such as heat exchangers and cold plates, destructive
testingshallbe conducted on preroducton brazed joints to verify that the braze layer that
extends beyond the fillet area is continuous and forms a uniforse pha

4.2.48  Structural Soldering

[MPR 166 Solderingshallnot be used for structural applications.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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4.2.49  Electrical Discharge Machiningand Laser Machining

a. [MPR 167] Electricatdischarge machingn(EDM) and laser machining (LM)
processefor spacélight hardware tht provides missiogritical functionsshallbe controlled to
limit the depth of the oxide layer, the recast layer, and thedifsstted pne.

(1) [MPR 168] The oxide layeshallbe removed from the surface.

(2) [MPR 169] In addtion, the recastayer and the hedtffected zonshallbe
removed from bearingvear fatigueor fracturecritical surfaces, and from crack
or notchsensitive materials.

The recast layer and heatfected zone may be left on a part if an engineeugjuation shows
that they are not of consequence to the required performance of the part.

b. [MPR 170] EDM/LM scheduledor spacéight hardware that providemission
critical functionsshallbe qualified to determine the maximum thickness of the tafidayers
when he deptltof the affected material must be known for removal or analysis.

4.2.410 Nickel Plating

a. [MPR 171] Electrodeposited nickel platirfgr spacélight hardware that provides
missioncritical functionsshallbe applied according the equirements tSAE AMS2403\,
Plating, Nickel General PurpaseAE AMS242F, Plating, Nickel Hard Deposibr ASTM
B689-97, Standard Specification for Electroplated Engineering Nickel Coatings

b. [MPR 172 Electroles nickel platdor spac#ight hardwae that provides msion
critical functionsshallbe applied per SABMS2404G, Plating, Electroless Nickel, or ASTM
B73315, Standard Specification for Autocatalytic (Electroless) Nidkebsphorus Coatings on
Metal.

c. [MPR 173 The nikel-aluminum inerface in nickeplated aluminunused in
spacdéight hardware that provides misskanitical functionsshallbe protected from exposure to
corrosive environments.

Nickel and aluminum form a strong galvanic cell at the nigkaiinum interface, and expo®
of the alumimm alloy to a corrosive environment can produce rapid disbonding of the nickel
plate.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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4.2.411 Additive Manufacturing

[MPR 174] Spaceflight hardware manufactured by additive manufacturing techniques shall be
designed, produced, and dmeented in compdince with NASASTD-6030.

NOTE: The requirements of NASAD-6030 do not encompass all requirements for an AM part
(flammability, toxic offgassing, vacuum outgassing, etc. also apply).

Additive Manufacturing ContrdPlans are reviewed and approved by tesgonsible NASA
program or project, with concurrence from the responsible NASA M&P organizaticetern
4.2 of NASASTD6030.

An Equipment and Facilities Control Plan fdASASTD 6033 Additive Manufacturing
Requirements for Equipment and Facility Gah, is developed by the AM part producanrd
approved by theognizant engineering organizatiger section 4.5 of NASBTD6030.

Material Property Suites used to design Class A aaddtively manufacturedparts are
reviewed and approved by the respblesNASA program or project, with concurrence from the
responsible NASA M&P organization paection 60f NASASTD-6030.

Part Production Plans are reviewed and approved by the responsible NASA program or project,
with concurrence from the responsible NA8&P organization pesection 7 of NASATD
6030.

4.2.5 Material Nondestructive Evaluation (NDE)
4.2.5.1 Nondestructive Evaluation (NDE) Plan

a. [MPR 175] The NDE Plarshalladdress the process for establishment,
implementation, executigand control of NDE through design, manufacturing, operaticrsl
maintenance afpacdight hardware.

b. [MPR 176] ThePlanshallmeet the intent of MIEHDBK-687B, Nondestructive
Inspection Program Requiremeis Aircraft and Missile Materials and Parésd when
fracture control is applicablehe requirements of NASSTD-5009, Nondestructive Evaluation
Requirements for Fractw@ritical Metallic Components.

In case of conflict between the requirements of the two standaedsquirements of NASA

STD5009 are aplicable It is expected that fractureritical and safetycritical parts have

surface and volumetric inspectionsess there is rationale that it is not necessary. The need for
internal (volumetric) inspection depends on the application and on matehafacteristics

such as thickness, product form, and other factors. Internal inspection requirements and methods
shauld be determined early in the design process so that proper flaw screening is accomplished.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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c. [MPR 213] NDE acceptance criteria and requiramis for qualification of NDE
procedures used on all (metallic, Ametallic and composijehardware shalbe addressed in the
NDE Plan.

The MUA process is used to accept qualification of specific NDE procedures not covidred by
NDE Plan.

d. [MPR 177] Qudification and certification of personnel involved in nondestructive
testingshallcomply with NAS 41(Revision 4), NAS CertificationandQualification of
Nondestructive Test Personnel.

4.2.52  NDE Etching

a. [MPR 178] All machined or otherwise mechaalty disturbed surfacesn metallic
partsthatare to bdluorescent dygenetrant inspectexhallbe adeqately etched to assure
removal of smeared, masking material prior togieant applicationwith the following
exceptions:

(1) Previously etched partdo not need etching if the surface has not lseesared
since the last etching.

(2) When supporting rationals provided, close tolerance parts may be machined

nearfinal and etched and penetrant inspected before final machining in lieu of
etching and pene&int inspecting after final machining

b. [MPR 179] The etching procedurghallspecify the minimum amaeu of material to
be removed to ensure that smeared metal does not mask cracks.

Minimum material removal requirements for fractumétical hardwareare identified in NASA
STD5009.

c. [MPR 18Q] If etching is not feasiblat shallbe demonstratetthatthe required flaw
size can be reliably detected.

4.2.6 Special Materials Requirements
4.2.61 Residual Stresses

Residual tensile stresses aréluced into manufactured parts as a resultooming, machining,
heat treating, welding, special met@moval processes, or the straightening of warped parts.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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Residual stresses may be harmful in structural applications when the part is subjected éo fatigu
loading, operation stresses, or corrosive environmeguscial consideratioishouldbe given to

the posibility of high residual stressesatmight develop during ofiominal processinguch
asrepeated weld repairs in the same locatiBesidual stresesshouldbe controlled or

minimized during the fabrication sequence by special treatpsntk as anreding and stress
relieving.Bending and forming of tubing (for example, stainless steel and titanium tubing) is
typically not stress relieved

a. [MPR 181] Estimates ofesidual stresses in structuecalstresscorrosionsensitive
hardwareshall be considetkn structural analyses and cormsistresscorrosion assessments.

Residual stresses should be quantified by an appropriate technique (sucyadifkraction).

b. [MPR 182] The straightening of warped pantsstructural hardwarshallrequire an
appoved MUA.

4.26.2 Sandwich Assemblies

Many spaceflight hardware failures have been attributed to both vented and:ntad

sandwich assembli€asing either perforated or ngperforated honeycomb core) that were
compromised by the expansion of tragmas and/or water vapor-itight, causing internal
pressure builelp and subsequent fasbeet separation. Structural sandwich assemblies using
horeycomb or opesell core constructions that are exposed to aseenbdynamic heating
and/or vacuum expase may be either vented to relieve interpedssure osealed and

protected to preclude accumulation of water or other contantniaside the sanda

structure

a. [MPR 183 For vented sandwich architectures, the differential pressure on ascent
shall be adequately relieved to preclude ¢off ace sheet bond | ine fApeel
could result in facsheet separation.

Venting analysis metlis are complex and may be difficult to verify. Testing should be
conducted to verify that the venting architectures selected perform adedtenthe asuilt
flight structures. # Rofacdsikeetbandlineshoddbenodes at t h
characterzed with expected defects (damage tolerance) and evaluated against the expected
combined loading environments associated with internal preseemperature, absorbed
water/humidity, and externally applied loads.

b. [MPR 184 Sandwich architectures that amet vented shall be capable of
withstanding pressure buildup without violating strength and stability requirements.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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Sandwich assemblies that are not vented may result in higher internal design pressures during
flight. As br vented sandwich architectigeverification of norvented sandwich assemblies
should include evaluation of credible Apeel o
combined loading environments. Additionally, fatigue performance should be interrogated

evaluate the effects of timeal cycling and the associated variation in internal gas presance

to evaluate load cycles that can allow moisture contamination

c. [MPR 185] Structural andwich assemblieshallbe designed to prevent the entrance
and entapment of water vapor or otheontaminants into the core structure.

Regardless of the venting architecture, careful consideration of water intrusion pathways at both
the partfabricationand assembly level is necessary. Sources of water intrusiodénclu

absorption, diffusion, condsation, cryepumping, rain/winedriven rainwater prior to launch

and water landing

NASASTD-6012 Corrosion Protection for Space Flight Hardwarequires contacts between
graphitebased composites and metallic matesitd be treated as dissimilaretal couples.To

meet this requirement, composite sandwich assemblies that utilize aluminum honeycomb core
and which may be exposed to condensed moisture/water should be electrically isolated from
carbon/graphite facseheetdo limit the potential for gadanic corrosion to compromise the
honeycomb sandwich assembfiternate approaches should be identified in the corrosion
control plan. The method(s) selected to prevent galvanic corrosion should be evaluated against
all relevant design environments tlughout the life cycle of the part.

d. [MPR 186] Structuralhoneycomb sandwich assemblies that will be subjected to
heatirg shallbe testedor the expected environments to shibatthe construction can withstand
them

Catastrophic spacecraft structurahilures have been associated with aseamgriodynamic

heating (including the effects of water/water vapor), oiodoit thermal cycling. Polymer matrix
materials are affected by both water/moisture absorption and temperstater

absorption/intrusion cabe affected by mechanical and/or thermal cycling (e.g. matrix
microcracking). Panel heating can soften adhesives while simultaneously driving absorbed or
trapped water into steam, resulting in a dramatic rise in internatguee. Testing should

evaluate hese effects for sandwich design features and potential repairs, while concurrently
addressing the expected defects commensurate with damage tolerance requirements. Acceptance
/ proof testing of each flight article shoulddrdss the combined loading eroiiment, including

effects from internal pressurization.

e. [MPR 187] Sandwich assemblies usingrforated and moistwabsorbing coreshall
beprotected from water intrusion during assembly and prelaunch activities.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.

APPROVED FOR PUBLIC RELEASE — DISTRIBUTION IS UNLIMITED

66 of 157



NASA-STD-6016C

Certainsandwich core materials, e,0Nome® andKevlar® aramidsor foam coreare capable
of absorbing significant amounts of moisture. Selection of such materials may require
environmental conditioning prior to launch in addition to discrete water intrusiotegtions.

f. [MPR 188] Structurdsandwich constructions and core materials shall be designed,
evaluated, and tested in accordance with the requireme@Gtdidf17, Volume 6: Structural
Sandwich Composites.

Because the ability of NDE to detect coodace sheet bond line defects is timl, the potential
presence of defés makes it necessary to address both the static strength and cyclic loading
capability under combined loading environmei@sch environments can include pressure,
temperature, and externally applied loads. Elevateg&atures from panel heating canftem
adhesives and cause failure.

Acceptance / proof testing of each flight article should address the critical combined loading
environment, including rapid decompression.

4.2.6.3 Corrosion Prevention and Control

[MPR 189 All parts, assemblies, andw@gmentused inspacéight hardware that provides
missioncritical functions including spareshallbe finished to provide protection from
corrosion in accordance with the requirementslAEA-STD-6012 with the followng
exceptions:

a. SAEAMS?2404G is permitted for electroless nickel plating as an alternative to ASTM
B73315.

b. Titanium fasteners may be used in contact with graphite compqsitesded that
they are vet installedwith sealant or prirar materials

4.2.6.3.1 Passivation

[MPR 190] Corrosionresistant steelgsed inspacdight hardware that provides missianitical
functionsshallbe passivated after machining.

4.2.6.3.2 Sealing

[MPR 191] Removable panels and access doors in exterimteriorcorrosive environments
shallbe sealed either by mechanical seals or by separable,fayifage sealing.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
TechnicalStandad, as implemented by the approved Materials Rrocesses Selection, Control, and Implementation Plan.
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426.4 Hydrogen Embrittlement

Hydrogen embrittlement through hydrogeretals interactions can be classified into three broad
categries: hydrogen environmental embrittlement (HEE), internal hydrogen embrittlement
(IHE), and hydrogen reaction embrittlement (HRE). In general, hydrogen environmental
embrittlement represents the condition where the materials are exposed tedsghe

gaseous hyrogen environment. The hydrogen for internal hydrogen embrittiement is usually not
from a highpressure gaseous system, but from an electrochemical process such as
electroplating, corrosion, cathodic charging, and even from thermal chargimghydrogeifior
internal hydrogen embrittlement can also come from moisture and enter the metals during
welding, casting, and solidification processes from the foundry.

The hydrogen environmental embrittlement and internal hydrogen embrittiement aféects

similar in many instances and they both require an external applied stress in order for the
hydrogen embrittlement effects to occur. In contrast, hydrogen reaction embrittlement is usually
irreversible hydrogen damage caused by a chemical reactitnhydrogen ad such damage

can occur without an external applied stress. This form of hydrogen damage can occur in
materials such as titanium, zirconium, and some types of iron oflsieet! alloys.

Overall, hydrogen embrittlement of materials is notyweell undertood and only limited
materials property dathave beemgeneratedNASATM-2016218602 Hydrogen Embrittlement
provides a detailed description of hydrogen embrittlement mechanisms, a comprehensive
summary of existing hydrogen embrittlemertadand guidace on selection of materials and
control of processes to prevent hydrogen embrittlement. It is a companion document to
ANSI/AIAA G095, Guide to Safety of Hydrogen and Hydrogen Systems.

a. [MPR 1] When asignng liquid or gaseous hydrogesystems, th degradation of
metallic materials properties by hydrogen embrittlenséiall be addressei the Materialsand
Processes Selection, Control, and Implementation Plan

b. [MPR 1] An MUA shallbe written rationalizing the selection of ralit materids
for liquid or gaseous hydrogen systeimgreclude cracking and to ensure system reliability and
safety.

Test data may have to be generated in a simulated environment to support the rationale.

c. [MPR 19%] Electrochemicaprocessesr exposure t@cids or bases during
manufacturing or processimg spacélight hardware that provides misskanitical functions
shallbe controlled to prevent hydrogen embrittlementembrittlement relief treatment shall be
performed promptly aftgorocessing

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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(1) [MPR 195] When acid cleaning baths or plating processes areamsstiel parts
for spacdight hardware that provides missianitical functions the part shall be
baked in accordance with SAEMS2759/D, Hydrogen Embrittlement Relief
(Baking) ofSteel Partsto alleviate potential hydrogen embrittlement problems.

4.2.6.5 Intermetallic Compounds

When joining twer moremetals together (solderingyire bonding, etc.), intermetallic
compounds can form that are problematic to the metal joint, hegiti a weakeed mechanical
or electrical connectiorProblems can arise from embrittlement, changes in density, or
conductivity of thentermetallic compound. Golohdium and goletin are two of the more
common systems that form intermetallic compounralswiill degrade a metal joint.

4.2.6.5.1 Gold-Indium Intermetallic Formation

Indium reacts with gold to form a succession of gotflum intermetallic compounds. The gold
indium intermetallic compounds occupy a volume approximately four times the bvigimae
of the consumed gold and are brittle. The original mechanical and thermal propefrgetdare
degraded by this intermetallic reactipossibly resulting iminreliable electrical
interconnectios. The goldindium intermetallic formatioprogresssignificartly even at room
temperature andcceleratest elevated temperatures.

[MPR 19%] Goldshallnot be used in contact with indium or an indium alloy (such as indium
solder) forspacdlight hardware that provides misskanitical functions.

4.26.5.2 Gold-Tin Intermetallic Formation

The combination of gold and tin is subject to two distinct degradation mechanisms: gold
embrittlement of tirbased solder joints and fretting corrosion of golmhated contacts when
mated with tin or tin alloycoatedcontacts.

When tinbased solder is used to join ggdthted surfaces, the gold coatings will dissolve into
the final solder joint. If the concentration of gold in theltissed solder joint exceeds
approximately 3 percent by weight, then a brittle giidintermeallic compound may form
within the joint that can impact the lofigrm reliability of the solder joint.

a. [MPR 197] When used with tibased solder joints in missiamitical hardware, gold
shallbe removed from at least @&rcentof thesurface to besoldered of all component leads,
component terminations, and solder terminals.

A double tinning process or dynamic solder wave may be used for gold removal prior to
mounting the component on the assembly.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
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The combination of one getwbatel surface anane tincoated or tiralloy-coated surface for
separable contact interfaces (e.g., electrical connector contact pairs) is highly prone to fretting
corrosion, which can build up an electrically insulating-tiride film at the contact interfag
resultingin increased contact resistance.

b. [MPR 198] Gold-coated contactshallnot be mated with tin or tin allegoated
contacts for separable contact interfaces in missitical hardware.

4.2.6.5.3 Gold-Aluminum Intermetallic Formation

Analuminumrich intermetallicphasethe AuAf intermetallick n own as fARwripd e Pl a
inherent (and nobhecessarilynarmful) to goldaluminum brazinghowever jf excessive heat is

applied too much of the intermetallic can form at the braze/part interfsausing jont failure.

A goldrich phasethe AuAl; intermetallick n own as i Whii tse aPimentgldse d
formationis catalyzed byikcon, so careshouldbe taken to keep the braze joint zone free of
contamination.

a. [MPR 19] Gold-aluminum brazng processes shall be controlled to minimize
formationof the AuAl: intermetallic knownaéd Pur pl e Pl agued and preven
AusAl; intermetallic knownaé Whi t e Pl ague. O

PurplePlagueis asignificantproblem in microelectronic agications, ecause a purple

plague forms, it reduces in volume. This creates cavities in the metal surrounding the purple
plague, which increases electrical resistance and structurally weakens the wire batitey.
plague is worse, becausehds low éctrical corductivityand, f enough of it forms, the

resulting electrical resistance can cause a total failure of the component.

b. [MPR 200 Gold-aluminumbondingprocesses shall be controlled to prevent the
formation ofthe AuAlz intermetallic knowng A Pumgule® RAoAl, irttemetallic
known as fAWhite Plague. 0

4.2.66  Fastenerlnstallation

4.2.66.1 Liquid Locking Compounds

[MPR 207] If a liquid-locking compound is used as a locking feature where rotational loosening
or disengagement wadiresult in acritical or catastrophic hazard, its us®llcomply with the

design and quality requirements and best practices in N&8A502Q Requirements for
Threaded Fastening Systems in Spaceflight Hardwantions 5.%nd7.6 and AppendixX.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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4.266.2 Silver-Plated Fasteners

Silver reacts rapidly with atomic oxygen to generate a loose, friable, black oxide that can cause
contamination and affect the operation of mechanisms.

[MPR 207 Silver-plated fastenershallnot be used in external apyations whee the silver
plating is directly exposed to atomic oxydgen a period longer than 2 weeks

4.2.67 Contamination Control

Contamination, if not adequately anticipated and controlled, can result in loss of spacecratft,
performance degradatigmission degadation, and/or loss or injury of flight crew. Examples of
contamination sources and mechanisms include:

i Particulate and molecular contamination from both ground processing aitlon
migration may degrade the performance of agitaevices, thermal catrol surfaces,
and solar arrays.

1 Particulate contamination accumulated during ground processing or generated
during operations may interfere with mechanisms, bearings, and seals; may plug or
restrict fluid orifices or filters; and may posehazard to therew.

1 Particulate and nonvolatile residues pose an ignition hazard within systems
containing oxidizerssuch as oxygen or nitrogen tetroxide. Cleaning agents intended
to remove contaminants from these systems may leave reactive residues if n
adequatelycontrolled and removed.

1 Microbial contamination within life support systems and ultrapure water systems may
degrade these systems.

1 Control of terrestrial microbial contamination and extraterrestrial material may be

required in accordance WitNASAProcediral Requirement@NPR) 8020.12 on
Planetary Protection Provisions for Robotic Extraterrestrial Missions.

a. [MPR 203] A ContaminationControl Plan shallbe generated in accordance with the
guidelines of ASTM E1548009) Standard Practice f&reparation bAerospace
Contamination Control Plans.

b. [MPR 204] The ContaminationControl Plan shallinclude controls on contamination
sensitive manufacturing processasch as adhesive bonding, controls on packaging for
shipment and storage, andbaeign object danage/debrisKOD) prevention program.

[MPR 205] The FOD prevention prograshallbe established for all ground
operations of mechanical and electrical systenspatdight hardwareincluding the design,

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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development, manufacturing, ass#yn repair,processing, testing, nmenance, operation, and
checlout of the equipment to ensure the highest practical level of cleanliness.

d. [MPR 206] The FOD prevention prograghallconform to NAS 41ZRevision 1)
Foreign Object Damage/Foreign Obj&etbris (FOD Prevention

e. [MPR 207] Cleanliness levels fassemblyand subassemblgvel hardwareshallbe
identified on the engineering drawings.

4.2.6.8 Packaging

[MPR 208] Packagingshall protectspac@ight hardwarefrom corrosion and contanation
duringshipping and storage.

4.3 Verification

[MPR 209] Verification of compliance with the requirements of tNIBSA Technical Standard
shallconsist of the following stepas a minimum:

a. NASA approval of the contractor Materials and PreessSelectigrControl and
ImplementatiorPlan and other applicable materials data requirements docysgiisas the
Contamination Control Plan and NDE Plan

b. Contractor M&P signature on engineering drawings to verify compliance with the
requiremerg of thisSNASA Technical Standardr the Materials and Processes Selection,
Control, andmplementatiorPlan

c. NASA audits of contractor M&P activities relating to hardware design and
manufacturing

d. Establishment and operation of thi&P control panelin accodance with sction
4.14 of thisNASA Technical $andard

e. NASA approval of MUAs
f. NASA approval of MIULs

Additional aspects of the verification process should be documentedhtatbgals and
Processes Selectio@pntrol, andimplementatioriPlan.

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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APPENDIX A

STANDARD MATER IALS AND PROCESSES REQUIREMENTS
FOR SPACECRAFT

REQUIREMENTS COMPLIANCE MATRIXWITH REQUIREMENTS
JUSTIFICATION S

A.1 PURPOSE

NASA-STD-6016A defines the minimum requirements for Materials and Processes (B&P)
providesa general control specification for incorporation in NASA program/project hardware
procurements and technical programs. Incorporating a general control specification provides
procedural requirements for programmatic and M&P oversight to etisarthe M& minimum
requirements are implemented, controlled, and verified. These M&P minimum requirements are
derived mostly from a history of successful use by NASA and the aerospace industry of best
practices and lessons learned; their impositiotebehsure wiformity, interoperability a high
likelihood of reliable hardware, and ultimately, mission success.

The purpose of this appendix is to provide the justification for each of the mandatory minimum
requirements that are imposed by NASAD-6016A. Requirene nt ( Ashal l 60) state
contractually binding requirements that have to be implemented and their implementation

verified. In some cases, the justification is obvious in the requirement statement itself. In many
others, the justifidgon resultsrom prior failures or successes with a material or a material

process, i.e., lessons learned, or based on a best practice. The section/paragraph numbers and

titles are also presented for easy reference. NSFB-6016A has a significant amounf

italicized text that provides additional requiremergtated guidance and information in many of

the sections.

(Note:Ent er tofdéseribed h e r e g wapplicabititg to thepsogram or project; or
enteri No 0 inténtid tdtailorand enér howtailorng i s t o be applied in
column)

NOTE: Per sectiod.1.6 The use oM&P that do not comply with the requirementsttus NASA Technical $andard may be acceptable in the
actual hardware applitans. MUAsare requiredor all M&P that are technically acceptaltbut do not meet the requirements of M#sSA
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Section Section Title NASA-STD-6016C Imp Requirement Justification Applicable If No, Enter Rationale
Statement (Yes or No)
1.2a Scope, Applicability [MPR 1] Programs shall apply these It is NASA policy to provide clear,
contmols to prograngroject hardware. concise, verifiable requirements fq
processes, products, and
components; and it is NASA policy
to track and implement
requirements using requirements
management and configuration
managenent control ppcesses.
1.2b Scope, Applicability [MPR 2] Programs shall be responsible | It is NASA policy to implement
for demonstrating compliance with thes{ and track requirements.
reguirements.
1.3a Scope, Tailoring [MPR 3] Tailoring of this NASA Requirements management
Technical Stad ar d 6 s r e q u i| processes require that M&P
Materials and Processes Selection, requirement modifications be
Control, and Implementation Plan for | tracked and approved by
specific programs/projects shall be responsible and knowledgeable
formally documented as part of progran] M&P personnel and program
or project requirements and approved b organizations.
the responsible program/peact NASA
M&P organization, the responsible
project/program, and traelegated
Technical Authority in accordance with
NPR 7120.5, NASA Space Flight
Program and Project Management
Requirements, or NPR 7120.8, NASA
Research and Technology Progrand
Project Management Regements.
2.1.1 Applicable Documents, | [MPR 4] The latest issuance$ dted Current NASA Office of the Chief

General

documents shall apply unless specific
versions are designated.

Engineer policy is to include this
statement in all NASA standards.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.
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Section Section Title NASA-STD-6016C Imp Requirement Justification Applicable If No, Enter Rationale
Statement (Yes or No)
2.1.2 Applicable Documents, | [MPR 5] Non-use @ specifically Current NASA Office of the Chief
General designatedrersions shall be approved by Engineer policy is to include this
thedelegatedrechnical Authority. statement in all NASA standards.
24.2 Applicable Documents, | [MPR 6] Conflict between this NASA Current NASA Office of the Chief
Order of Precedence | Techical Standard and other Engineer policy is to include this
requirements documents shall be resoly statement in all NASA standards.
by thedelegatedechnical Authority.
da Requirements [MPR 7] Materials shall meet theorst Common sense requirement that
case usefulife requirements for the materials used in an application b
particular application. assessed for all of the
environmental extremes that the
materials willencounter during the
life cycle.
4b Requiremerd [MPR 8] M&P used in interfacing GSE, | Ensurespaceflight hardwareill
test equipment, hardware processing | not be damged or contaminated b
equipment, hardware packaging, and | GSE, test equipment, or other M&
hardware shipment shall be controlled t{ that comes in contact with the
prevent damage to or contamination of | spaceflight hardware
spaceflight hardare
4.1.1a Materials and Processe| [MPR 9] Each orgaization that is The Materials and Processes
Selection, Control, and | responsible for the design and fighation | Selection, Control, and
Implementation Plan of spaceflight hardware shall provide a | Implementation Plan represents a
Materials and Processes Selection, beg practice for implementing,
Control, and Implementation Plan. controlling, and vefying that the
M&P requirements of this NASA
Technical Standard are imposed
and tracked through the
program/project/element life cycle
4.1.1b Materials and Processe| [MPR 10] The Materials and Processes| The Materials and Processes

Selection, Control, and
Implementaton Plan

Seledion, Control, and Implementation
Plan shall also describe the methods ug
to control compliance with these

reguirements by subcontractors and

Selection, Control, and
Implementation Plan needs to
provide to NASA insighinto how

the M&P requirements are imposeg

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.
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Section Section Title NASA-STD-6016C Imp Requirement Justification Applicable If No, Enter Rationale
Statement (Yes or No)
vendors. and controlled at the subcontracto
and vendor level.
41.1c Materials and Processe| [MPR 11]Upon approval by the Since the Materials and Processe
Selection, Control, and | procuring activity, the Materials and Selection, Control, and
Implementation Plan Processes $etion, Control, and Implementation Plan contains the
Implementation Plan shall become the | detals of how a company
M&P implementation document used fo| implements and controls the
verification. requirements imposed by this
NASA Technical Standard, it
follows that the Plan is the
document to be used to verify that
the requirements have been met.
41.1.1 Coordination, Approval,| [MPR 12 The Materials and Processes| A process needs to be in place for
and Tracking Selection, Controland Implementation | coordnating, approving, and
Plan shall identify the method of tracking all M&P usage and M&P
coordinating, approving, and tracking al| changes. The Materials and
engineering drawings, engineering orde Processes Selection, Control, and
and other documents that establish or | Implementation Plan is the logical
modify materials and/or processusage. | place for such a process to be
identified.
41.1.2 Approval Signature [MPR 13] The Materials and Prosses The M&P signature block on
Selection, Control, and Implementation | spaceflight hardwardrawings
Plan shall include a requirement that all| ensures that M&P called out on
hardware design drawings and revisiony drawings, and changes teés,
for spaceflight hardwarthat provides have been approved by M&P
missioncritical functions contain an knowledgeable persoel.
M&P approval block, or equivalent, to
ensure that thdesign has been reviewe(
by the responsible M&P authority and
complies with that document.
41.1.3 Manufacturing Planning| [MPR 14]The Materials and Processes| M&P expertise is required in the

Selection, Control, and Implementation

Plan shall identify how the responsible

selection and processing of

materials during manufacturing.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
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M&P organization participates in How that expertise is applied and
manufacturing anthspection/verification| utilized needs to be described in t
planning to ensure compliae with M&P | Materials andProcesses Selection,
requirements. Control, and Implementatioridh.
4.1.2a M&P Controls [MPR 15] All M&P for spaceflight Manufacturingspaeflight
hardwarehat provides missiouritical hardwareo consensus,
functions shall be defined by standards| Government, or company M&P
and specifications selected from standards and specifications ensu
government, industry, and compa reliable, repeatable, and trackable
specifications and standards. processes anspaceflight hardware)
Manufacturingspaceflight
hardwareto standards and
specifications has been a mandat
practice for a long time.
4.1.2 M&P Controls [MPR 16] All M&P for spaceflight Idenifying all M&P directly on the
hardwarehat provides missiouritical drawing ensures th#te M&P
functions shall be identified directly on | usage has been reviewed and
the appropriate engineering drawing. | approved. It also ensures that
manufacturing follows the correct
M&P processes, and that hardwar
built to print is repeatable.
4.1. M&P Controls [MPR 17]CompanyM&P specifications | Ensur es t hat NA
shall be identified by documentmber responsibility has complete insigh
in the Materials and Processes Selectig| into all of the M&P that will be
Control, and Implementation Plan. used to manufacture tispaceflight
hardware
4.1.2d M&P Controls [MPR 18] All M&P specifications used t¢ NASA6 s over sight

producespaceflight hardwarthat
provides missiostritical functions shall
be made available to the responsible
NASA Program or Project Office and
M&P organization.

approving and verifying M&P
usage on missiofritical
spaceflight hardwareequires that
all standards and specifications bg
available for review.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
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4.1.2 M&P Controls [MPR 19]Process specifications for Necessary to ensure a consistent

spaceflight hardwarthat provides and reliable product.

missioncritical functions shall define

process steps at a level of detail that

ensures a repeatable/controlled proces:

that produces a consistent and reliable

product.
4.1.2f Mé&P Controls [MPR 20] Process qualification shall be | Necessary to ensure a consistent

conducted talemonstrate the and relable product.

repeatability of all processes for

spaceflight hardwarthat provides

missioncritical functions where the

quality of the product cannot be directly

verified by subsequent monitoring or

measirement.

41.2.1 Standard and [MPR 21] A process shall be establishe¢ The use of new material or materi
Specification for ensuring that updated, alternate, or | process statards or specifications
Obsolescence new material or process standards or | in ongoing programs reqeis that

specifications from thee identified in the| the changes be reviewed and

Materials and Processes Stiewq, approved by the M&P and prograt

Control, and Implementation Plan meet| authorities. A process for ensuring

exceed the technical requirements such a review and approval occur

identified in the original material or needs to be identified in the

process standards or specifications. Materials and Processes Selectiol
Cortrol, and Implementation Plan.
Also, engineering ihwings do not
call out company specifications by
revision; so changes to such
specifications can affect the
repeatability of hardware built to
print.

4.1.3 Commercial OffThe: [MPR 22] A procedure shall be COTS hardware can present or

Shelf (COTS) Hardware

established to ensure thall vendor

contain unknown hazards unless t
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designed, ofthe-shelf, and vender M&P used to manufcture such
furnished items are covered by the M&R hardware meets the requirements
requirements of this document, with the| this NASA Technical Standard, or
exception that M&P requirements for of| the COTS M&P usage is revieweg
the-shelf hardware and othepaceflidnt and approved by the responsible
hardwarethat do not provide missien NASA M&P and program
critical functionsmay be limited to those| authorities. A process needs to be
required to ensure safety of flight (for | establshed to ensure that COTS
example, flammability, toxic offgassing)| hardware is properly reswed.
and vehicle compatibility (for example,
vacuum outgassing).

4.1.% M&P Control Panel [MPR 23]An M&P control panel shall bg Each hardware provider needs to
established by eaatontractothardware | establish a material ctol panel to
provider (excluding subcontractors). provide quick M&P expertise,

review,and approval for hardware
manufacturing problems and M&R
changes. In addition, the panel
provides the NASA M&P oversigh
responsibility with insight into
company M&P implementation an
control issues.

4.1.% M&P Control Panel [MPR 24]The M&P controlg n e | 6 § The NASA M&P oversight
scope and membership shall be descrilj responsibility requires
in the Materials and Processes Selectio] understanding of who and how the
Control, and Implementation Plan. cortractor implements and control

requirements.

415 M&P Usage [MPR 25]M&P usage shall be The MIUL is a best practice that

Documentation documented in an electronic, searchabl| has a long history afse in NASA

parts list or separate electronic searcha
Materials Identification and Usage List
(MIUL) with the following exceptions:

that provides a quick, reliable, ang
easy review process for tracking
and verifying M&P usage for both
NASA and the contractors.
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(1) Electrical, electronic, and
electromechanical (EEE) parts
otherthan wire, cable, and
exposed surfaces of connectors.
(2) Materials used in hermetically
sealed electronic containers
(maximum leak rate less than 1
10* cm¥/sec).
4.1.5b M&P Usage [MPR 26] The documentationf M&P Common sense requirement that {
Documentation usage shall cover the final design as end product reflects the actual
delivere. M&P utilized in the agbuilt
hardwarg(including M&P changes
resulting from repairs to
nonconforming hardware).
4.1.% M&P Usage [MPR 27] The documentation approach| Ensures documentation of M&P
Documentation shallbe defined in the Materials and usage and allows organizations to
Processes Selection, Control, and use their own documentation
Implementation Plan. system.
4.1.6 Material Usage [MPR 28] MUAs containing sfficient The MUA process is a long used

Agreements (MUAS)

information to demonstrate that the
application is acceptabghall be
submittedby the responsible M&P
organizatiorfor all M&P that are
technically acceptable but do not meet t
requiremats of this NASA Technical
Standard, as implemented et
approved Materials and Processes
Selection, Control, and Implementation
Plan.

NASA M&P best practice that
enables acceptance of materials g
material processes thdo not meet
the requirements of this NASA
Technical Stadard but, through the
MUA review process, are
determined to be acceptable. The
MUA process also provides the
benefit of satisfactorily resolving
designnon-conformances at the
engineering level aspposed to the
program level.
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4.1.6 Material Usage [MPR 29]MUAs shall not be used to The purpose of the MUA process
Agreements (MUAS) change the M&P requirements for a to justify the acceptance of specifi
nonconforming product. material or matesl process design
nonrconformances, not the
acceptance ad nonconforming
product.
4.1.7a Materials Certification | [MPR 30]All parts or materials for Ensures that consistent and reliab
and Traceability spaceflight hardwarthat provides materials are used Bpaceflight
missioncritical functions shall be hardwareand further ensures that
certified as tacomposition, properties, materials and their properties can
and requirements as identifieg the be repeated from program to
procuring document. progam and from company to
company.
4.1.0 Materials Cerfication [MPR 31]With the exception of ofthe- M&P traceability to the end item o
and Traceability shelf parts, parts and materials used in| critical parts ensures that each
critical applications, such as ldenited processing step was accomplishe
materials and/or safetand fracture and that a processing record exist]
critical parts, shall be traceable through| which often aids in understanding
all processing steps deéd in the problem or failure.
engineering drawing to the esitgém
application.
4.1.7c Materials Certification | [MPR 32]Distributors or other processo| Requiredto control procurement of
and Traceability shall not heat treat, hot work, or cold raw metallic materials. The
work metal stock unless they take the | processing changes the material
responsibilities as the proder of the properties and invalidates the
metal and produce a new certification. |or i gi nal vendor
4188 Requirements for [MPR 33]A, B, or Shasis statistical To ensure structural integrity of

Design Values

valuesfor mechanical pperties of
materials shall be utilized for the design
and analysis of hardware for all
applications where structural analysis ig
required.

spacecraft parts andsttures,
materials with statistically based
minimum mechnical properties ar¢
required.
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4180 Requirements for [MPR 34] The sampling for other Needed to ensure design values f
Design Values mechanical properties, such as dynami(¢ other required mechanical
properties like fatigue and fractyrand propertiesare representative of the
verification of design valueshall be material, product form, and state
representative of the matdriproduct used in the design
form, and state used in the design.
418.k Requirements for [MPR 35]A, B, or Shasis statistical The hantbooks imposed here have
Design Values methods shall be defined by, andvalue{ | ong been NASA®G
for mechanical properties in theirdesign aer ospace i ndus
environment taken from MMPDS, and reliable sources of statistically
Metallic Materials Properties derived mechanical design
Development and Standardizatj or properties. MMPDS is the
SAE CMH-17, Composite Materials replacement for the old M}
Handbook. HDBK-5 and SAE CMHL7 is the
replacement for the old M}
HDBK-17.
4.1.84d Requirements for [MPR 36] For metallic materials, the Since the testing to develop desig
Design Values alloy, heat treatment, product values is specific to alloy, heat
specification, product form, and thickney treatment, spafication and form,
shall match the alloy, heat treatment, | the statistical relationship is
product specification, produfiirm, and | relevant only to that same
thicknessn MMPDS. combination. Thickness affects
strength of metal because of
metallurgical factorshat influence
strength, like heat transfer during
heat treatment and variability of
reductionduring metal working.
This requirement is stated in
MMPDS but frequently ignored.
4.1.8.k Requirements for [MPR 37]When statistical desigralues | The statisticamethods used in

Design Values

for new or existing structural materials
are not available, they shall be determir

these handbooks are the NASA
and aerospace industagcepted
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by methods described in MMPDS or SA standard for detemining
CMH-17 and a report documenting the | mechanical design properties.
derivation of the new design values be
made available to NASA for review.
4.1.8.1% Requirements for [MPR 38] The implementation of an Not all materials, product forms,
Design Values approach for generating statistical desig and size ae available in the cited
values that deviates from the sampling | handbooks. Development of desid
methodology and statistical methods in| valuesby the analytical methods
MMPDS or SAE CMH17 and the use of | de<sribed in MMPDS or SAE
design values that deviate from those | CMH-17 is sometimes
published in MMPDS or SAE CMH7 prohibitively expensive for the
shall be approved with an MUA. application. When the test approa
deviates from the published value
in MMPDS ortheguidance in SAE
CMH-17, the MUA review process
by responsible and competent M&
engineering pesonnel assures that
acceptable minimum design
properties will be derived and
verified.
4.1.8.19 Requirements for [MPR 39] All contractordeweloped NASA needs to have the capabilit
Design Values mechanical and physical property data | to verify that contractedeveloped
shall bemade available to the responsib| mechanical and physical property
NASA M&P organization. data have been developed
adequately and dermine when an
MUA is required per 4.1.8.1 g.
NASA recognizes that such data
may be proprietargnd that the
contractor can place limitations on
how the data are made available.
4184 Design Value [MPR 40]Ma t e r idaspnvdues fi B design valuesre designed for

Implementation in
Design

shall not be used except in redundant
structure in which the failure of a

use in redundant structure. They

have dessstatistically significant
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component woul result in a safe minimum desigrvaluet han A
redistribution of applied loads to other | design valueand are, therefore,
load-carrying members. less reliable and not to be used in
single load path critical structure.
418D Design Value [MPR 41]Minimum property acceptance Not all materials, product forms,
Implementation in values in material specifications and sizes are available in the citec
Design (specification minimums) not explicitly | handbooks. In sne @ses,
publ i shed alsesimS0o d specification minimumsdi S 0
MMPDS shall require an approved MU/ design valuepublished in other
for use as design values. sources are not propertierived in
accordance with MMPDS.
Therefore, the MUA review proces
by responsible and competent M&
engineering personnel assures ths
acceptable minimum digm
properties will be derived and
verified.
4.1.8.3 Structural Fastener [MPR 42] Structural fastener design MMPDS design values are not

Design Values

values shall be defined by minimum loa
test requirements in the applicable part
and/or procurement specification
(government, aespae industry
consensus, compasgpecific, or custom
specification).

transferrable to fasteners, becaus
raw material used to make fasteng
is reprocessed using various
metallurgical practices, such as hg
heading, thread rlahg, and heat
treating. These processes changg
the strength of the metal from the
original bar sock. NASA has
chosen to adopt lot tested design
strength defined in the specific
fastener part and procurement
specifications as the design value
instead othecertifications of the
original bar stock.
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421 Flammaubility, [MPR 43]Materials shall meet the Ensures that the NAS£equired

Offgassing, and requirements of NASASTD-6001B, tests and evaluations of materials

Compatibility Flammability, Offgassing, and for flammadbility, offgassing, and

Requirements Compatibility Requirements and Test | compatibility are imposed.

Proceduresasdescribed below.

4211 Flammability Control [MPR 44] Materials that are The lessons learned from the

nonflammable or seléxtinguishing in
their useconfiguration as defined by
NASA-STD-6001B, Test 1 or an
appropriate configurational flammability
test per NASASTD-6001B, shall be use
for flammability control with the
following exceptions:

a. Ceramics, metal oxides, and
inorganic glasses are exempt.

b. Materials that are designed to
ignite and burn in their use application
(for example, pyrotecha materials) are
exempted from flammability
requirements, provided that
systems/experiments using such materi
are designed so that the burning materi
cannd act as an ignition source for othe
hardware.

c. Materials used in minor quantities|
(dimensons controlled so the potential
fire propagation path is less than 15 line
cm (6 linear in) and the surface area is
more than 80 c&(12 square in)) icrew
environments and 30 linear cm (12 lineg

in) for external materials) with no

Apollo 1 fire regarding these of
flammable materials in an oxygen
rich environment makes it
mandatory that special control ang
testing be exercised by M&P
engineering to ensure that
flammable materials are minimize
and controlled in spacecraft
environments.
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propagation patbr ignition source.

d. Materials used in sealed containe
are exempt because insufficient oxygen
available to maintain combustion.

e. Materials withinvented electronics
packages with metallic cases and no
forced air convection are exempt becau
of the selfextinguishing effect of
expanding combustion gases in a
constrained volume.

f. Materials that have been shown b
test to meet the requirementsNASA-
STD-6001B may be used in an
environment with an oxygen
concentration lower than the test level
without further testing (provided that the
oxygen partial pressure is no greater th
the partial pressure at the test level or
general test data exist temionsrate that
the higher oxygen partial pressure is
outweighed by the lower percentage
concentrabn for the environments in
guestion).

g. Materials are acceptable when ug
on a metal substrate that provides an
adequate heat sink. A heat sink is
consiceredadequate in the use
configuration by test or analysis. When
testing is conducted, materialssgang the
flammability test on a metal substrate al
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acceptable on metal substrates of the
same thickness or greater. Materials thg
are flammable but havethickness less
than 0.25 mm (0.010 in) and are attachs
to a metallic surface greater than 1.6 m
(0.062 in) thick are acceptable by
analysis.

h. Materials are unexposed,
overcoated with a verified firblocking
material, or no more than 1/4 inch thick
and sandwiched between nonflammable
materials with only the edges exposed.

i. Flammability configuation
analysis in accordance with JSC 29353
shows hardware configuration to be sel
extinguishing.

4.2.1.2a

Toxic Offgasing

[MPR 45] All nonmetallic materials used
in habitable flight compartments, with th
exception 6 ceramics, metal oxides,
inorganic glasses, and materials used i
sealed container (maximum leak rate le
than 1 x 16 cm?¥/sec), shall meet the
offgassingrequirements of Test 7 of
NASA-STD-6001B.

All materials offgas small
quantities of trace gas
contaninants. Materials that releag
toxic gases must be controlled in
closed spacecrafiabitable
compartments. The required testin
ensures that the materialsad ae
safe from a toxicity standpoint.

421D

Toxic Offgassing

[MPR 46] Spacecraft maximumlawable
concentration (SMAC) values shall be
obtained from JSC 20582008)
Spacecraft Maximum Allowable
Concentrations for Airborne
Contaminants, or frorMAPTIS for
compounds for which no SMAC values
are found in JSC 20584.

Industrial maximum concentration
of airborne contaminants are baseg
on an 8hour workday exposure an
are not appropriate for the
continuous exposure that applies
spacecraft environents.The
SMAC values in JSC 20584 are s
by the NASA/JSC Toxicology
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Group in cooperation with the
Natioral Research Council
Committee on Toxicology.
Supplementary values in MAPTIS
are set by the NASA/JSC
Toxicology Group only for
evaluation of offgassintgstdata.
42.13& Fluid Compatibility [MPR 47]An MUA shall be written Itis necessary to ensure that
(Fluids Other Than rationalizing the selection of materidfs | materials are compatible with the
Oxygen) any of the following conditions apply: hazardous fluids with whictiney
are in contact or will comeni
(1) If a material isexposed directlyo | contact. An MUA is required to
ahazardous fluidl document theationale for
(2) If amateralisexposed directly to | acceping the materials.
ahazardoudluid vapor.
(3) If a mateial is exposed t@a
hazardousluid liquid or avapor by
failure of asingle barrier seal
(4) If a materialis exposed to a
hazardous fluid liquid or a vapby
leakage or permeation through
single ormultiple seals.
L For the purpose of thiNASA Technical $andard,
the definition of hazardoutuids includes gaseous
oxygen(GOX), liquid oxygen(LOX), fuels,
oxidizers, and other fluids thatecritical or
catastrophic hazards due to chemicagbloyscal
degralation of the materials in the systerorrosion
(with the exception of general corrosion covered |
NASA-STD-6012) or cause an exothermic reactio
4213 Fluid Compatibility [MPR 48] Appropriate longterm tests to | Sincesome incompatible

(Fluids Other han
Oxygen)

simulate the worstase use environemt
and operational conditiorthat would

material/fluid combinations only
manifestthenselves after longerm
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enhance reactions degradation shall bel exposure, it is necessary to condu
conducted for mat@ls with longterm long-term exposure testing.
exposure to liquid fuels, oxidizers, and
other hazardous liquids.
4213 Fluid Compatibility [MPR 49] Materials degradation in long | To determine in longor shortterm
(Fluids Other Than term ests shall be characterized by pos| tests if material degradation has
Oxygen) test analyses of thmaterid and fluid to | occurred, postest analyses must b
determine the extent of changes in performed to determg, e.g, if
chemicaland physical characteristics, | mechanical properties have
includingmechanical properties. changed or if unacceptalievels of
the test material have been
dissolved into the test fluid.
4.2.1.3 Fluid Compatibility [MPR 50] The effect of material It haslong been known that a
(Fluids Other Than condition (for example, parémersis material ds cond
Oxygen) weld metal or heaaffected zone) shall bq weld, its heatffected zone, and th
addressed ithe compatibility parent metal, can have significant
determination. different outcomes in
corroson/compatibility testing
which needs to be addressed whe
determining compatibility and any
necesary testing.
4.2.1.3e Fluid Compatibility [MPR 210 Materialsused in nitrogen Nitrogen tetoxide is a powerful
(Fluids Other Than tetroxide systems shall be evaluated fon oxidizer, and flight hardware
Oxygen) flammalbility in nitrogen tetroxide using | failureshave leen caused by
promoted combustion tessimilar to ignition of metallic materials
NASA-STD-6001B, Test 17, fometallic | (notably titanium).
materials used in oxygen systems and
Test 1 for polymeric materials.
4.2.1.31) | Fluid Compatibility [MPR 211 When materials are The rigorous Oxygen Compatibility

(Fluids Other Than
Oxygen)

determined to be flammable, a nitesy
tetroxide compatibility assessment shal
be conductedsing tle methodology

described for oxygen systems in NASA

Assessment (OCA) metholkbgy
described in NASASTD-6001 for
evaluating potentiahaterals

ignition in oxygen systems is also
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STD-600LB and the system safety the most effective mthodology for
rationale of tis assessment documenteq evaluating ignition in rirogen
in an MUA. tetroxide systems.
4213 Fluid Compatibility [MPR 212 Materials used in other The possibility of similar ignition
(Fluids Other Than oxidizer systems shall be evaledfor issues occurring in systems
Oxygen) potential ignition. containing oidizers other than
oxygen and nitrogen tetroxide
needs to be addressed.

4214 Oxygen Caonpatibility [MPR 51] Materials and components, ar| Because of the highly reactive
systemsaused in liquid oxygen (LOX) and nature of oxygen with metals and
gaseous oxygen (GOX) environmgnt nonmetals, it is necessary that all
compressed air systems, and pressdriz| materials that are in contact with @
systems containing enriched oxygen sh| will come in contact with oxygen
be evaluated for oxygen compatibility in. must be evaluated for compatibilit
accordaoe with NASASTD-6001B. with oxygen. NASASTD-6001B

governs how such evaluation is to
be accomplished.

4.21.4b Oxygen Compatibility | [MPR 52]When materials in such Materials are commonly found to
sysems araletermined to be flammable| be flammable in standard
an okygen compatibility assessment shg flammability tests but can often be
be conducted as described in NASA found notto be a flammability
STD-6001B and the sysin safety hazard in their use configuration.
rationale of this assessment documentg Such a determination is made by
in an MUA. conducting an oxygen compatibility

assessment and documentihg
acceptance rationale in an MUA.
4.2.1.4.1 | Oxygen Component [MPR 53]GOX and enriched air system| Ensures that material surfaces thg

Acceptance Test

componentshat operateat pressures
abovel.83 MPa(265 psia, with the
exception of retallic componentsuchas
hard lines (rigid metic tubing), metallic
flex hoses, metallic fluid fitting with all

metal seals, and metallic pressure vess

can react with oxygen at relatively|
high pressurebave been
thoroughly exposed and
condtioned to the system oxygen
pressure ahwill be nonreactive to

oxygen during use.
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(including composite cerwrapped
pressure vessels with metallic liners)
shallundergo oxygerommnent
acceptance testyfor a minimum of ten
cycles from ambient pressuite
maximum design pressuvgthin 100
milliseconds tcensure that all oxygen
systemspacéight hardware $ exposedo
oxygen prior to launch.
4.2.1.5a | Electrical Wire [MPR 54] Electrical wire insulation The lessons learned from the
Insulation Materials materials shall be evaluated for Apollo 1 fire and the Apollo 13
flammability inacardance with NASA | oxygen tank explosion make it
STD-6001B, Test 4r Test 1. imperative that the flammalktii of
wire insulation be evaluated.
NASA-STD-6001specifeshow to
conduct such test
4215 Electrical Wire [MPR 55] Arc tracking shdlbe evaluated| Since arc trackingsia problem that
Insulaton Materials in accordance with NASATD-6001B, is due to a bre
Test 18, for all wire insulation insulating material that results in
constructbns except uncontolled arcing to other wires
polytetrafluoroethylene (PTFE), and components, it is necessary t
PTFE/polyimide insulation conforming t( test wire insulatingnatrials for
SAE AS22759C, Wire, Electrical, their susceptibility tarc tracking.
Fluoropdymer-Insulated, Copper or
Copper Alloy, and used in conditions
bounded by the dry afttacking test
specified by SAE AS22759C, etleyle
tetrafluoroethylene (ETFE), and silicone
insulated wires (the resistance of these
materials to arc tracking has alreadgen
established).
4.2.2 Metals [MPR 56]MSFGSTD-3029A, Stress corrosion cracking in

Guidelines for the Selection of Metallic

seacoast and air enviroems is a
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Materiak for Stress Corrosion Cracikj potential problem for the gh-
Resistance in Sodium Chloride strength alloys typically used in
Environments, shall be used to select | spaecraft structures. MSFSTD-
metallic mateials to control stress 3029 provides data on the stress
corrosion cracing of metallic materials | corrosion sensitivity of most
in sea and aienvironments, with the structural alloys and contains
exception that an MUA is not required f( requirements to eliminate the
the following conditions: potential for stressorrosion
cracking when stressorrosion
a. Parts in electrical/electronic sensitive materials are used. The
assemblies with maximum tensile stres§ standad also contains test method
less than 5@ercent of the yield strength.| for evaluating stressorrosion
sensitivity of alloys without
b. Martensitic or precipitation existing data and defines stress
hardening (Phistainless steels used in | corrosion cracking threshold valug
ball bearing or similar applications wher for many of the dbys used in
the loading is comprese. spacecraft structures.
c. Carbon and low alloy high
strength steels with strength greater tha
1240 MPa (180 ksi) used in ball bearingg
splings, or similar applications where th
loading is compressive and there is a
history of satisfactory performance.
d. Hardware provideao mission
critical functions
4221 Aluminum [MPR 57] The 5006serkes alloys Under certain conditions, an

containing more than 3 percent
magnesium shall not be used in
spaceflight hardwarthat provides
missioncritical functions where the
temperature exceeds 66 °C (150.°F)

intergranular aluminurmagnesium
grain boundaryrecipitate can
occur rendering such alloys
susceptible to exfoliation corrosior
or stress arrosion.
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4.2.2.2.1a | Drilling and Grinding of | [MPR 58]When dilling, grinding, A well-known lesson leard & that
High-Strength Steel reaming, or machinmis performed on | some metal removal processes
high-strength steel$it can form particularly aggressive ones, caus
martensite and are usedspaceflight suface overheating in hightrength
hardwarehat provides missiouritical steels that produces the undesiral
functions, a validated process for crackprone conditiorof
machining shall be used. untempered martensite.
4.2.2.2.b | Drilling and Grinding of | [MPR 59]The absence of machining Tests and examinations cited are
High Strength Stde damage for highstrength steels used in | best practices fodentifying the
spaeflight hardwarehat provides presence of untempered martensi
missioncritical functions shall be verifieq
by microexaminabn of production parts
(such a\ital etch inspection) or by a
microhardness and radlurgical
examination of sample paffisr either of
the following situations:
(1) When the material has very low
toughness (such as martensitic
steel above 200 ksi) arlde part
has low stress margins or is
fatigue driven.
(2) When the surface conditiaf the
part is critical to the desigfsuch
as its ability to withstand heitin
stresses or remain perfectly flat)
4.2.2.2.24 | CorrosionResistant [MPR 60] Unstabilized, austenitisteels | Eliminates the potential of a
Steel shall not beprocessed ansed dove371 | corrosionsusceptible condition dug
°C (700 °F) inspaceflight hardwarthat | to grain boundary preciition of
provides missiostritical functions. chromium carbide.
4.2.22.2 | CorrosionResistant [MPR 61]Welded assemblies used in | Eliminates the potential Gt

Steel

spaceflight hardwarthat provides

missioncritical functions shalbe

corrosionsusceptible condition of

weld heataffected zone grain
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solution heatreated and quenched after] boundary precipitation of
welding except for the stabilized or low | chromium carbide.
carlon grades, such as 321, 347, 316L
and 304L.
4.2.2.2.2 | CorrosionResistant [MPR 62] Servicerelated corosion Eliminates theexposureof themore
Steel issues are common for freeacdining corrosionsusceptible stainless ste
alloys, such a803, and theselalys shall | alloysto moisture or to nitrogen
not be used in spaceflight hardware tha| tetroxide, for which corrosion of
provides missiostritical functions when | these alloys has aldmen observed
they can be exposed to moisture other
than transient condensation, or to nitrog
tetroxide
4.2.2.2.3 | Ductile-Brittle [MPR 63] Steels shihnot be used in Prevents the use of alloys that are
Transition Temperature| tension below theiductile-brittle too impact and cracksensitive and
transition temperature. prone to unexpectefdilure at low
temperature.
4.2.2.3.8 | Titanium Contamination [MPR 64]All cleaningfluids and other | An Apollo Programes®n learned
chemicals used dumy manufacturing ang occurred when a titanim pressure
processing of titamm hardware for vessel failed due to stressrrosion
spaceflight hardwarthat provides in anhydrous methanol that was
missioncritical functions shall be veiéd | used as a substitute pressurant fo
to be compatible and not detrimental to| Aerozine50 in aground test.
performance before use. Methanol, a commonly used
solvent for cleaning metals, was
considered hagnto titanium.
4.2.2.3.b | Titanium Contamination| [MPR 65] The surfacesf titanium and A lesson learned from a titanium

titanium alloy mill products used for
spaceflight hardwarthat provides
misdon-critical functions shall be 100
percent machined, chemically milled, or
pickled toa aifficient depth to remove al
cortaminated zones and layers formed

pressure vesseldhwas severely
cracked from an alpha case that
formed during heat treatment.
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while the material was at elevated
temperature.

42.2.32 Titanium Wear [MPR 66] All regions of titanium alloys | Since titanium is subject to wear
for spaceflight hedwarethat provides and fretting whiclcan lead to crack
missioncritical functions that are subjec] initiation, it is necessary to harden
to fretting or wear shall banodized per | the titanium surfaces by adizing
SAE AMS2488D, Anodic Treatmeiit per the cited specification oepa
Titanium and Titanium Alloys Solutig hard-coating process.
pH 13 or Higher, or hardoated utilzing
a wearresistance material, such as
tungsten carbide/cobalt thermal spray.

4.2.2.3.2 | Titanium Flammability | [MPR 67]Titanium alloys shall not be | Titanium is hghly flammable in
used with LOX or GOX at any pssure | oxygernrich environmets, and its
or with air at oxygen partial pressures | use in such environments nile
above 35 kPa (5 psia). avoided.

4.2.2.3.% | Titanium Flammability | [MPR 68] Titanium alloys shallnotbe |[Be c aus e okenditivity ta
machied inside spacecraft modules ignition in oxygencontaining
during ground processing or in flight, environments, fine turnings and
because machimg operations can ignite | particles withlarge surface areas
titanium turnhgs and cause fire. from machining and grinding

processes can even ignite in air.

Obviowsly, such fires in a

spacecraft mst be prevented.

4.2.2.4 Magnesium [MPR 69]Magnesium alloys shallnotb¢ Magnesi umés | ow

used in primary structure or in other are hardness renders it relatively
of spaceflght hardwarghat provides sensitive to mdranical damage an
missioncritical functions that are subjec] abuse and is relatively corrosion
to wear, abse, faeign object damage, | sensitive. Therefore, its uge
abrasion, ersion, or where fluid or primary structure needs to be
moisture entrapent is possible. avoided

4225 Magnesium [MPR 70]Magnesim alloys shall not be| Magresiumcan be ignited in air at

machined inside spacecraft modules

room temperature from machining
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during ground processing or in fhig operations. Ohiously, such fires in
because machining operations can igni{ a spacecraft must be prevented.
magnesium turnings and cause fire.

42.2.% Beryllium [MPR 71] Alloys containing more than 4| Beryllium alloys lave an inherent
percent beryllium by weight shall not be| low ductility and britte nature, and
used for primary struaral applications. | their use in primary structure neeg

to be avoided.

4229 Beryllium [MPR 72] Alloys containing more than 4| Beryllium containing alloys, even
percent beryllium by weight shall not bel those cataining as little as 4
used for ay appication within spacecraft percent beryllium, present a
crewcompartments unless suitably problem in that oxides and satif
protectedd prevent erosion or formation beryllium are highly toxic and the
of salts or oxides. use thereof requires that the meta|

be protected from abrasion or
conditions that could form
beryllium particles, beryllium
oxides,or salts.

422% Beryllium [MPR 73] Design of beryllium parts for | When berylium is required to be
spaceflight hedwarethat provides used in missiostritical spaceflight
missiontcritical functions shall address it| hardwareit is important that the
low-impact esistance and notch low ductility and brittle nature of
sensitivity, particularly at low beryllium be critically reviewed.
temperatures, and its directional maderi| When aalyzing the stress state in
properties (anisotropy) and sensitivity tq beryllium, it is important to
surface finish requirements. recognize the low élssors Ratio

of bewllium. This lowPoissm 6 s
Ratiocan lead to very high stresse
4.2.2.4 Beryllium [MPR 74]All beryllium parts used in When beryllium is required to be

spaceflight hardwarthat providcs
missioncritical functions shall be
processed to ensure complete removal
the danagedayer (twins and

microcracks) ppduced by surfacenetat

used in missiostritical hardware,
the detrimental surface damage th
occurs in beryllium from
mechanical mial removal methods

such as machiningnd grinding,
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working operatios, such as machining | must be removedThe danage
and grinding. removal must be by chemical etch
to remove the surface damage. T
technique of removinguccessively
shallower cuts will reduce the dep
of the damage but will never
compktelyeliminate the damage.
The natue of the damage is a
crystal twinning inthe grains which
pinsdislocations and subsequently
reduces material ductility.

4.2.2.% Beryllium [MPR 75] Beryllium-containingalloys Due to the highly toxic nature of
(including alloys containing less thdn beryllium dust and oxides foreal
percent beryllium by weightandoxides | during machining or grinding, stic
of beryllium shall not be machidénside | operations must be highly
spacecraft crew compartments at any | controlled ad never allowed to
stage of manufacturing, assembly, testi| occur in spacecraft crew
modification, or operation. compartments.

4225 Beryllium [MPR 76] All beryllium parts used in Ensures that the cradensitive
spaceflight hardwarthat provides beryllium parts are crack free.
missioncritical functionsshallbe
penetrardinspected for crek-like flaws
with a highsensitivity fuorescent dye
penetrant in accordance with section
4.2.5.

4.2.2.6& Cadmium [MPR 77]Cadmium shall not be used in| Becaus of its toxic nature and
crewor vacuum environments. relatively high vapor pressure, the

use of cadmium in spacecraft crey
compartments and in the space
vacuumenvironment needs to be
prevented.

4226 Cadmium [MPR 78] Cadmiumplated tools a Cadmium is relatively soft and

othe hardware shall not be usadthe

could ke readily transferred to
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manufacture or testing epaceflght spacecraft parts through contact
hardwarehat provides missiouritical between the parts and cadmmi
functions. plated tools. Therefore, the use of
such tools must be prevented.

4.2.27 Zinc [MPR79]Owi ng t o zi nc (Theuse ofzinplated @rts in
whiskers, zinc platingther than black spaceflight hardwareeeds to be
zinc-nickel platingshall not be used in | prevented because zinc has a
spaceflight hardwarthat provides tendency to grow whiskers that
missioncritical functions. cause electrical shorts and afso

a source of contamination. Zinc
also has a relatively high vapor
pressure andnithe vacuum of
space, it presents thisk of
volatilizing and redepositingro
critical surfaces.

422.% Mercury [MPR 80] Equipment containing mercury Mercury in contact with some
shall not be sed where the mercury cou| metls can result in severe
come in contact with spaceflight embrittlement; therefore, such
equipment during manufaging, contact must be prevented.
assembly, test, checkout, aftight.

4228 Mercury [MPR 81] Spacelight hardware Becausef the high toxicity of
(including fluorescent lamps) containing mer cury vapor a
merairy shall have three levels of potential for causing embrittleme
contairment to prevent mercury leakage of other metals, its safe

containment in a spacecraft
environment must be
extraordnarily redundant.

4.2.2.9 Refractoy Metals [MPR 82]For refractory alloygalloys Refractory metals are used in high

with a melting point above 2000 °C (36(
°F), plus osmium and iridium) used in

mission-critical applications, tests shall k
performed to characterize critical design

properties for the intended application

temperature applications where th
material properties at thatended
usetemperature are lacking or
limited. Testing must be performe

to obtain henecessary design
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and the data documented in an MUA. | properties for thapplication.
Documentation of the desig
properties is also required.
4.2.2.1& | Superalloys (Nickel [MPR 83] High-nickel content alloys are| Since superalloys are susceptible
Based and Cobalt susceptible to sulfur embrittlement; sulfur embrittlement from contact
Based) therefore, fo spaceflight hardwarthat with sulfur containing materials at
provides nissioncritical functions, any | elevated temperatures, it is
foreign material which could contain mandatory that such materials be
sulfur, such as oils, grease, and cutting| removed from the surface of the
lubricants, shall be reoved by suitable | superalloys before they are expos
means prior to heat treatment, welding,| to high temperates.
high temperature service
42210 Superalloys (Nickel [MPR 84] The rediction to design Since superalloys experience allo
Based and Cobalt properties of alloying element depletion| depletion at elevate@tperatures,
Based) at the surface in a high temperatur it is mandatory that théepth of
oxidizing environment shall be evaluate) s uc h depl et i osn
when a thin sheet of one of these allisys design properties be assessed,
used forspaceflight hardwarthat particularly in the case of thin
provides missiostritical functions, sine | sheets.
a slight amount of depletion could
involve a considerable proportion of the
effective cros section of the material.
42218 | Tin [MPR 85]For spaceflight hardwarthat Self-explanatory, in that 3 percent
provides missiosfctritical functions, tin lead in tin and tin plating is
and tinplating shall be alloyed with at necessary to prevent timhisker
leag 3 percent lead by weight or other | growth. Several otherlalying
proven alloying element(s) to prevent tir] elements in tin and tin platirntave
whisker growth. also been shown to prevent tin
whiskers.
42210 Tin [MPR 86]Tin and tin plating alloyed witl} Since the citedtandards

less than 3 percent lead Wight and
used in electrical/electronic applicationg

shall comply with GEIASTD-0006-1A,

specifically address how to rigiate
the tin whisker problems for tin an

tin-plating containing less than 3
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Performance Standard for Aerospaand | percent leadtiis necessary that
High Performance Electronic Syste they be used for applications that
Containing Leadrree Solder, and Contr( use tin and tirplating with les
Level 2C requirements of GEI&TD- than 3 percent lead.
00052A, Standad for Mitigating the
Effects of Tin Whiskers in Aerospace ar
High Performance Eleanic Systems,
with the following exceptions:
(1) Solder alloy Sn96.3Ag3.7
(Sn96) used for high
temperature applications.
(2) Solder alloy Au80Sn20 used a
a die attachmaterial or as a
package sealing material.
(3) Tin alloys containing less than
20 perent tin by weight.
4.2.211c | Tin [MPR 87]When highpurity tin and th Since tin pest is a problem that
plating are used fapaceflight hardware | results from tin and tin plating
that provides missiouwritical functions being exposecdta low temperature
and will also be exposed to temperature for a long period of time (as can
bel ow 13 eC f or p ¢ occurforspacecraft external
months, the methd for preventing tin materials), it is necessary to addre
pest formatiorshall be documented in th) how the tin pest problem will be
materials control plan. controlled. Tin pest has been
observed on ISS external hardwal
4.2.2.11d | Tin [MPR 88] Tin plating shall not be used | Because of the many problems th

for contacts in electrical interconnects
(connectors, sockets, switches, etc.) for
spaceflight hardwarthat provides
missiorcritical functions.

have been encountered with tin
plating, such as oxidatn, wear,
fretting, and whiskers, it is
necessary to limit the use of tin
plating inspaceflight hardware
unless the potential problems are

suitably mitigated and its use
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approved through an MUA review
process.

4235 Elastomeric Materials | [MPR 89]Elastomeric materials used in| Since elastomers have alife
spaceflight hardwarthat provides limitations, it is necessary to selec
missioncritical functions shall be elasbmeric materials that can
selected to operate within design function and endure the space
parameters for the useful life of the environment for the expected life
hardware. the hardware.

423D Elastomeric Materials | [MPR 90] Elastomeric materials used in| The agelife of elastomers begin
spaceflight hardwarthat provides when they are cured; therefore,
missioncritical functions, other than because of aglife limitations, their
those used in ofthe-shelf parts, such as | cure dates need to be recorded sq
cable clamps, shall be cudated for the ages of the elasners can be
tracking purposes. tracked.

4.2.3.k Elastomeric Materials | [MPR 91]Room temperature vulcanizin{ Requirement justifies itself, in that|
(RTV) silicones that liberate acetic acid| the release of eorrosive acid is
during cure shall not be used because t unacceptable.
can cause corrosion.

4.2.3.1d | Elastomeric Materials | [MPR 92]When rubbers or elastomers | The lesson learned from the
are used at low temperatures in Challenger &ring failure due to its
spaceflight hardwarthat provides inelastic behavior at a moderately
missioncritical functions, the ability of | cold temperature strongly
these materials to maintain and provide| emphasizes the need to verify the
requred elastomeric properties shall be | low temperature elastic properties
verified. of rubbers an@lastomers.

Fluorocarbon elastomers are
particularly susceptible to
embrittlement.

4.2.3.2 Polyvinyl Chloride [MPR 93] Use of polyvinyl chloride on | Polyvinyl chloride (PVC) cannot b

spaceflight hardwarshall be limited to
applications in pressurized areas where
temperatures do nokeeed 49 °C (120

°F).

used in space vacuum because it
contains large quantities of
plasticizers that outgas in space

vacuum, making the PVC brittle
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If No, Enter Rationale

and acting as a source of
contaminationPVC also offgasses
excessivelyabove 120°F, so its use
in hardware that experiences sucli
temperatures must be restricted.
PVC is flammable in spacecraft
cabin environments, and its use is
subject to the same controls as
other flammable materials.

4.2.3.5

Limited-Life Items

[MPR 94 All materials shall be selected
to meet the useful life of the hardware
with no maintenance or be identified as
limited-life items requiring
maintainability.

If a material cannot meet the usef
life requirements of the hardware
which it is a part, tanit must be
identified as having limitedife and
a maintenance plan identified to
address its limitedife.

4.2.3.&

Thermal Vacuum
Stability

[MPR 95] Nonmetallic materials that are|
exposed to space vacuum, with the
exception of ceramics, metal oxgle
inorganic glasses, and cetyl alcohol
lubricants used on fasteners outside
closed compartments, shall be tested
using the technique of ASTM E595%,
Standard Test Method for Total Mass
Loss and Collected Volatile Condensab
Materials from Outgassing & Vaaium
Environment, with acceptance criteria a
follows:

(1) 0.1 percent ¢
condensable materials (CVCM

2 01.0 percent t
(TML) less water vapor
recovery (WVR), except that a

higher mass loss is permitted i

Since nonmetallic materials outga
in the vacuum of space, itis
necessary to quantify the nature a
amount of outgasing that can
occur. ASTM E595 is the
consensus standard for conductin
such tests and quantifying mass
loss and CVCM.

The traditional
mass loss (TML) spacecraft
requirement is relaxed in this
standard. Vacuum outgassing
causes contamition only from
condensable materials and the TN
is unimportant except in special
cases where cryogenic surfaces a
present and in cases where the m

loss causes unacceptable

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
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this mass loss has no effect or] degradation of the material. The
the functionality of the material vast majority of materials with a
itsdf and no effect on the TML O5 percent
functionality of any materials, | normal spacecraft applications,
components, or systemsthat |[pr ovi ded t he OO0
could be adversely affected by| requirement is met.
the subject mass loss.
4.2.3.6b | Thermal Vacuum [MPR 96]With the following exceptions, Since vacuum baking can

Stability

hardware items (components, assembli
etc.) containing materials that fail the
CVCM requirement and/or having
unidentified materials shall be vacuum
baked at the maximum tolerable
temperatue of the component, 10 °C
above the maximum predicted operatin
temperature, or an alternate temperatur
selected by the program/project, to meg
the program/project acceptance
outgassing criteria:

(1) Materials that are not near a
critical surface and va a
CVCM between 0.1 and 1.0
percent and an expossdrface
area less than 13 &2 in?) are
exempt.

(2) Materials with an exposed
surface area less than 1.6cm
(0.25 irf) are exempt.

(3) Materials that are unexposed,
overcoated, or encapsulated
with approved materials are
exempt.

sufficiently outgas materials that
fail the CVCM requirements
established by this NASA
TechnicalStandard, it is necessary
to vacuum bake hardware items tf
contain materials that do not meet
the CVCM requirements.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
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(4) Materials enclosed in a sealed
container (maximum leak rate
less than 1 x IOcmi/sec) are
exempt.
4.2.3.7 External Environment | [MPR 97]The critical properties of The spacecraft external
Survivability materials exposed in the spacecraft environment includes ultraviolet
external environma shall meet radiation, atomic oxygen in low
operational requirements for their Earth orbit, plasma, and high
intended lifecycle exposure. energy radiation, all of which can
cause materials degrattbn. For
example, ultraviolet radiation
causes darkening of many
materials, leading to loss of therm
control, and atomic oxygen erodes
most polymeric materials, causing
physical degradation. Since repair
capabilities are very limited or
nonexistent, its imperativethat
materials so exposed meet their
operational life cycle.
4.2.3.8 Fungus Resistance [MPR 98] Materials that are nenutrient | Materials that resist the growth of

to fungi, as identified in MIEHDBK -
454B, General Guidelines for Electronig
Equipment, Requirement 4, Fungnert
Materials, Table 4, Group I, shall be

used in launch vehicles and pressurizeq
flight compartments, except when one @
the following criteria is met:

a. Materials have been tested to
demonstrate acceptability per MEBRTD-
810G, Department of Defeagest
Method Standard for Environmental

Engineering Considerations and

fungus are required in launch
vehicles that are exposed to weat
environments and in pressurized
habitable compartments. The
requirement statement identifies
many exceptions where such
controls are unnecessary.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
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Laboratory Tests, Method 508.

b. Materials are used in crew areas
where fungus would be visible and easi
removed.

c. Materials are used inside sealed
containers (maximum leak rate $ehan 1
x 10* cm¥/sec) with internal container
humidity less than 60 percent relative
humidity (RH) at ambient conditions.

d. Materials are used inside
electrical boxes where the temperature
always greater than or equal to the
ambient cabin temperat!

e. Materials have edge exposure
only.

f. Materials are normally stowed
with no risk of condensation in stowage
locations.

g. Materials are used on noncritical
off-the-shelf electrical/electronic
hardware that is stowed and/or used in
crew areas.

h. Materials are fluorocarbon
polymers (including ETFE) or silicones.

i. Materials are used in crew
clothing items.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
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4.2.3.9 Glycols [MPR 99]When solutions containing Required to prevent this unusual
glycols (aliphatic dihydric alcohols) are | sportaneous ignition reaction.
used aboard spacecraft that have electt
or eledronic circuits containing silver or
silver-coated copper, a silver chelating
agent, such as benzotriazole (BZT), sha
be added to the solution to prevent
spontaneous ignition from the reaction ¢
silver with the glycol.
4.2.3.10a | Etching Fluorocarbons | [MPR 100]The etching of PTFE, It is NASA pdicy to use voluntary
perfluoroalkoxy (PFA), and fluorinated | consensus standards where
ethylene propylene (FEP) shall meet th¢ possible. The cited specification is
requirements of SAE AMS2491F, the industry standard for preparing
Surface Treatment of polytetrafluoroethylene for bondin
Polytetrafluoroethylene, Prefzion for and has been reviewed and
Bonding, when adhesion to the approved for use by NASA.
fluorocarbon surface is requiregexcept
that for insulated wire or cable a pull tes
on coproduced specimens may be
performed in lieu of the tensile and sheg
strength tests in AMS249%ection 3.5.2
4.2.3.10 Etching Fluorocarbons | [MPR 101]Etched surfaces shall be Ensures that the etched surface
processed within 24 hours or within 1 | remains active and ready for
year if packaged per SAE AMS2491F. | bonding.
4.2.4.1a | Heat Treatment [MPR 102]Heat treatment of aluminum | It is NASA policy to use voluntary

alloys used irspaceflighthardwarethat
provides missiostritical functions shall
meet the requirements of SAE
AMS2772X5, Heat Treatment of
Aluminum Alloy Raw Materials; SAE
AMS277N, Heat Treatment of Wrought
Aluminum Alloy Parts; or SAE
AMS2771E, Heat Treatment of

consensus standards where
possible. The cited standards are
the widely accepted consensus
standards for heat treating
aluminum alloys, and they have
been reviewed and approved for U
by NASA.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
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Aluminum Alloy Castings.

4240 HeatTreatment [MPR 103]Heat treatment of steel alloyg It is NASA policy to use voluntary
used inspaceflight hardwarthat provides| consensus standards where
missioncritical functions shall meet the | possible. The cited standards are
requirements of SAE AM$1-6875B, the widely accepted consensus
Heat Treatment of Steel Raw Materials,| standards for heat treating steel
or SAE AMS2759E, Heat Treatment of | alloys, and they have been
Steel PartsGereral Requirements. reviewed and approved for use by

NASA.

4.2.41c Heat Treatment [MPR 104]Heat treatment of titanium It is NASA policy to use voluntary
alloys used irspaceflight hardwarthat consensus standards where
provides missiosftritical functions shall | possible. The cited standards are
meet the requirements of SAE AM$ the widely accepted consensus
81200D, Heat Treatment of Titanium an standards for heat treatingatnium
Titanium Alloys, for raw stock and SAE | alloys, and they have been
AMS2801B, Heat Treatment of Titanium reviewed and approved for use by
Alloy Parts, for parts requiring heat NASA.
treatment during fabrication.

4244 Heat Treatment [MPR 105]Heat treatment of nickeand | It is NASA policy to use voluntary
cobaltbased alloy parts used in consensus standards where
spaceflight hardwarthat provides possible. The cited standards are
missioncritical functions shall meet the | thewidely accepted consensus
requiremerns of SAE AMS277&, Heat standards for heat treating nickel
Treatment, Wrought Nickel Alloy and and cobakbased alloys and have
Cobalt Alloy Parts, or SAE AMS2773E,| been reviewed and approved for
Heat Treatment, Cast Nickel Alloy and | by NASA.

Cobalt Alloy Parts.
42.4.% Heat Treatment [MPR 106]For spaceflight hardwarthat | Heat treat variations can

provides missiostritical functions,
processcontrol tensiletest coupons shall
be taken from the production part (or
from the same material lot, having the

same thickness as and processed

compromise the strength and

ductility of the alloys for the heat
treat conditions cited. In addition,
the commonly used handss teisto

verify the adequacy of the heat tr¢

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.
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identically to the production part) to
verify the adequacy of the heat treatme
process for the following condiths

(1) Aluminum alloys are solution
heattreated.

(2) High-strength steels (>200 ksi
(1380 MPa) UTS), tool steels,
andmaraging steel alloys are
heattreated to high strength
levels.

(3) A286 or MP35N alloys (which
have poor correlation between
hardnes anl tensile strength)
are heat treated.

(4) Titanium alloys are annealed of
solution heat treated and aged

(5) Nickel- and cobalbased alloys
are work strengthened before
age hardening resulting in age
hardened tensile strengths
greater than 1030 MP(150ks)
UTS.

(6) Precipitation hardenable nicke
and cobalbased alloys are
solution heat treated.

process is not a good predictor of
strength and ductility.

4.2.4.1f

Heat Treatment

[MPR 107]When processontrol tensile
test coupons are required, the requirem
for the coupons shall be specified thie
engneering drawing for the part.

Ensures compliance.

4241

Heat Treatment

[MPR 108]If no tensile values are
available in MMPDS for a specific alloy,
tensiletest acceptance values shall be

Enaures thaaccept/reject criteria
are established.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
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specified on the engineering drawing fo
the part.

4.2.4.Mh Heat Treatment [MPR 109]Materials shall not be used iry Ensures that the materials that are
spaceflight hardwarthat provides used have defined and dependab
missioncritical functions outside the design properties.
limits of their procurement specification
heat treat specifican, orMMPDS
specification.

424.A4 Forging [MPR 110]Where forgings are used in | Ensures that a NASA M&P
missioncritical applications, firsarticle | technical expert(s) has reviewed
(preproduction) approval shall be and approved the firgtrticle cutup
obtained fom the procuring authority. process.

4.2.4.D Forging [MPR 111] First-article approval and the| It is NASA policy to use voluntary
controls to be exercised in producing consensus standards where
subsequent prodtion forgings shall be | possible. The cited standard is the
in accordance with SAE AMS2375D, widely accepted consensus stand
Control of Forgings Requiring First for control d the first-article
Article Approval. forging cutup and has been

reviewed and approved for use by
NASA.

4242 Forging [MPR 112] After the forging technique, | Ensures that the forging process
including degree of working, is broken up the cast structure and
established, the first production forging | that expected microstructure and
shall be sectioned to show the grflmw | mechanical properties apeoduced
paterns and to determine mechanical | by the forging process.
properties at control areasd the trim
ring/protrusion specimens
(prolongations)

4.2.4.2d Forging [MPR 113] The mechanical properties ¢ The mechanical properties of the

the trim ring/protrusion specimens
(prolongations) for the first article shall
be compared to the control coupons to

trim ring/protrusion specimens
(prolongations) for subsequent
articles will be used to verify that

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.
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show they are predictive of the properti¢ the mechanical properties of
in the bodyof the first article. subsequent articles are
acceptableAs such, they have to
be repesenative of the properties
in the body of each subsequent
article.For the first article, they are
compared with the mechanical
properties of the control coupons
from the body of the article to
verify that they are truly
representative.
4.2.4.2¢e Forging [MPR 114] Sectioning to show the grain| Since any changes in the forging
flow patterns and to determine procesxansigrificantly alter the
mechanical properties at control areas | grain flow, microstructure, and
shall be repeated after any substantive | mechanical properties, it is
change in the forging technique, as necessary to conduct a fiatticle-
determined by M&P analysis. like cutup to ensure the resulting
properties are acceptable.
4.2.4.%2 Forging [MPR 115] These data and results of teg Since forging process changes ca
on the relesgn shall be retained and significantly alter the mechanical
made available for review by the and metallurgical properties of the
procuring activity. forging, it is necessary to conduct
first-article-like cutup and tavethe
results reviewed and approved by
NASA M&P engineering.
4.2.4.2 Forging [MPR 116] Trim ring or protrusion It is standard practice in the forgin

specimengprolongationsghall be
obtained for each production forging us
in safetycritical applications and tested
for required nmimum mechanical
properties.

industry to obtain and test trim rin
or protrusion specimens to ensure
that the mechanical properties of

each forging are achieved.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
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4.2.4.h Forging [MPR 117] Surface and volumetric Obviously, the severe plastic
nondestrudive inspection KIDI) shall be | deformation involved in a forging
performed on all safetgritical forgings. | process can introduce both surfac

and internal defects for which
inspection is needed.

4243 Castings [MPR 118] Castings used igpaceflight | Itis NASA policy to use voluntary
hardwarehat provides missiouritical consensus standards. SAE
functions shall meet the requirements o AMS2175 istheindudry
SAE AMS217% (2010), Castings, specification for classifying and
Classification and Inspection of. inspecting castings and has been

reviewed and approved for use by
NASA.

4243 Castings [MPR 119] Where castings are used in | For missioncritical castings, it is
missioncritical applications, pre considered mandatory to subject t
production castings shall be subjected t| first casting(s}o destuctive testing
firstartide inspection to verify proper | to verify the mechanical propertieg
material flow, proper material integrity, | and metallurgical characteristics o
minimum required mechanical propertig the casting process.
proper grain size, and
macro/microstructure.

4243 Castings [MPR 120] The mechanical properties ir] Trim rings/protrusions will be
trim ring/protrusion of the first article obtained for all production casting
shall be compared to the control poms | so the first article testing needs to
to show they are predictive of the verify that they are representative
properties in the body of the first article.| of the cast parts.

4243 Casting [MPR 121] The same casting practice ai Ensures to a reasonable degree t
heattreating procedure shall be used fo| the production castings will have
the production castings as for the the same mechanical propes and
approved firstarticle castings. metallurgical characteristics as thg

first-article casting(s) that validate
the casting process.

4243 Castings [MPR 122 For Class 1 and Class 2 Tensile bars cast at the same time

castings (classes as defined by SAE

as the production casting(s) ensur

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.
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AMS217%A (2010)), mechanical propert| that the casting process is
testing of integrdy cast @ excised tensilg reproducing the same mechanical
bars at critical locations shall be propertiesintegrally casting tensile
conducted to ensure foundry control of | bars with each production lot is a
cast lots. standard practice in the casting
industry.
42.4.3 Castings [MPR 123] Periodic cutups or functional| For the most critical castings,
testing shall be conducted for Class 1 a| periodic cutups or functional
Class 2 castings (classes as defined by| testing ensures that the casting
SAE AMS2175A (2010)). process is under control and is
reproducible.
4.2.4.3 Castings [MPR 124] Surface and volumetric Castings frequently contain
nondestructive inspection shall be unacceptable defects that cannot
performedon all safety-critical castings. | detected except by these NDE
techniques.
4.2.4.4 Formed Panels [MPR 1] Where formed panels are us{ The process for forming panels
in missioncritical applications, pre needs to be verified as producing
production paalsshallbe subjected to | panels with propemaerial
first-article inspection to verify proper | integrity, mechanical properties,
material integrity, minimum required grain size, and
mechanical properties, proper grain siz¢ macro/microstructure.
and macro/microstructure.
4.2.4.0 Formed Panels [MPR 126 The mechanical properties o] Control coupons will be used for
the first production article shall be verification of the properties of
compared to control coupons to show | each production formed panel, so
they are predictive of the propesin the | the first article testing needs to
body of the first article. verify that they are representative
of the formed panels.
42.4.L Formed Panels [MPR 127 The same forming practice | Ensures to a reasonable degree tf

and heatreating procedure shall be use
for the production formed panels as for
the approved firsarticle panels.

the production formed panels will
have the same mechanical
propertesard metallurgical

characteristics as the firatticle

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
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formed panel that validated the
process.

4244 Formed Panels [MPR 128 Sectioning to determine Since any changes in the forming
mechanical properties at control areas | process can significantly alter the
shall be repeated after any substantive | grain flow, microstructure, and
change in the foring technique, as mechanical properties of the pane
determined by M&P analysis. it is necessary to conduct a first

article-like cutup to ensure the
resuting properties are still
acceptable.

4.2.4. Formed Panels [MPR 129 Surface and volumetric NDI | Formed panels may contain
shall be performed on all safetyitical unacceptable defects that cannot
formed panels. detected except by these NDE

techngues.

4.2.45a Adhesive Bonding [MPR 13Q Structural adhesive bonding | MSFG-SPECG445 is the NASA
shall meet MSFESPECG445A, Adhesive | wide, accepted specification for
Bonding, Process and Inspection, adhesive bonding and inspection.
Requirements for.

4.245b Adhesive Bonding [MPR 131 Structural adhesive bonding | The strengtlof a structural
processes shall be controlled to preven{ adhesive bond can be significantly
contamination that would cause structul degraded by bond surface
failure that could affect the safety of the| contamination, particularly from
mission, crew, or vehicle or affect silicones. Therefore, it is imperativ
mission success. that bond surface cleanliness be

maintained and verified.

4.2.45¢c Adhesive Bonding [MPR 132 Bonded prinary structural In bonded joints, cohesive failure

joints shall demonstrate cohesive failurg
modes in shear.

the desired failure mode that best
ensures a reliable and repeatable
shear strength design value,
whereas an adhesive failure is
almost always th reallt of
inadequate surface preparation ar

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.
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is indicative of an improper
bonding process.
4.2.46a Welding [MPR 133 If alternative specifications tq The AWS D17 welding
those cited in this section are utilized or| requirements are commonly used
developed, those specifications shall m{ by aerospace companiest are far
the requiremets d NASA-STD-5006A, | more detailed than is required by
General Welding Requirements for NASA and also have some
Aerospace Materials deficiencieslf an aerospace
conpary chooses to not follow the
AWS D17 requirements, plus the
supplemental requirements
identified in this document, they
may develop their own standard,
provided that it complies with the
less detailed but more stringent
requirementsn NASA-STD-5006
4.2.46b Welding [MPR 134 Material Review Board Weld procedure variances that ha
disposition shall be required for weld not been qualifietby prior test or
repair/rework/processing activities that | experience need to be reviewed a
are not in accordance with the approve( approved by a Material Review
weld process specification (WPS). Board and/or M&P knowledgeablg
personnel.
4.2.46¢C Welding [MPR 135 A weld development and The welding of large structural

certification plan shall be developed for
large structural welded componentgls
as crew modules and welded cryogenic
tanks.

welded components can have ma
problems if the weld development
and certificati
established well before welding
flight hardware. The plan is
expected to includtull scale
pathfinder weldments, tooling
development, and design values
program including sensitivity

testing.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.
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4.2.46.1 Fusion Welding [MPR 13%] The processing and quality | It is NASA policyto usevoluntary
assurance requirements for manual, consensus standards where
automatic, and semiautomatic welding f possible. The cited specification ig
spacflight applications that provide the aerospace industry specificati
missioncritical functions shall meet the | for fusion welding of aerospace
requirements of AWS D17.1/D17.1M | structures and components and h
(2010)AMD 1 (2012) Specification for | been reviewed and approved for
Fusion Welding for Aerospace by NASA with
Applications, with the following modifications/additionsat address
modifications/additions: minor deficiencies in the baseline
standard.
4.2.46.1a | Fusion Welding [MPR 137] Mission-critical structural Structural welds that are safety
welds shall comply with AWS critical are reqired to meet the
D17.1/D17.1M(2010)AMD 1 (2012) most stringent set of requirementg
Class A requirements. as is the case for the cited Class 4
requirements. Note that the weld
classes in AWS D17.1 are based
nondestructive inspection
requirements (with the most
stringent inspection requirements
for Class Awelds), whereas
traditional NASA weld classes
were based on weld criticality (wit
Class A welds being the highest
criticality level).
4.2.46.1b | Fusion Welding [MPR 138] Other structural welds shall | Structural welds that are not safet

comply with AWS D17.1/D17.1M2010)
AMD 1 (2012) ClassA or Class B
requirements.

critical are allowed to meet a less
stringent set of requirements, as i
the case for the cited Class B
requirements.The more stringent
Class A requirements may also be
used.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
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Section Section Title NASA-STD-6016C Imp Requirement Justification Applicable If No, Enter Rationale
Statement (Yes or No)
4.2.46.1c | Fusion Welding [MPR 139 Non-critical welds (including | Non-structural, norsafetycritical
seal welds) shall comply with AWS welds are allowed to meet the lea
D17.1/D17.1M(2010)AMD 1 (2012) stringent set of requirements,ias
Class C requirements. thecase for the cited Class C
requirements.
4.2.46.1d | Fusion Welding [MPR 140] All Class A and Class B Ensures that Class A and B manu
welds (including manual welds), as weld processes are also qualified,
defined by AWS D17.1/D17.1NR010) | not just the operators who perforn
AMD 1 (2012) shall be qualified in the welds.
accordance with AWS D17.1/D17.1M
(2010 AMD 1(2012)
4.2.46.1e | Fusion Welding [MPR 141] Titanium welds shall be Titanium welds with worse
light/dark straw or better (Ref. AWS coloration than light/dark straw (as
D17.1/D17.1M(2010)AMD 1 (2012), listed in AWS D17.1, Table 7.1)
Table 7.1). indicate improper inert gas contro
during welding and presents the
possibility that weld
contamination/oxidation occurred.
4.2.46.1f FusionWelding [MPR 142 Titanium and its alloys shall | Prevents the creation of a
be welded with alloymatching or completely unknown titanium alloy
metallurgically compatible fillers or in the weldment by welding
autogenously. together, for example, an alph
alloy and an alphdeta alloy or
other incompatible combinations @
titanium alloys.
4.2.46.1g Fusion Welding [MPR 143 Extra low interstitial (ELI) ELI weld wire produces a more
filler wires shall be used for titanium ductile weld at cryogenic
cryogenic applications and are preferre( temperatures.
for general applicéns
4.2.46.1h | Fusion Welding [MPR 144] Commercially pure (CP) Welding T+6Al-4V with CP weld

titanium filler shall not be used on-Ti
6Al-4V or other alloyed base material.

wire resuts in a significant alloy
contentand interstitial solubility

difference between the parent me
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and the weld metal, which can led
to interstitial migration and
precipitation of embrittling species
such as titanium hydride, at the
weld fusion line.An Apollo SIV-B
stage was destroyed due to
inadvertently welding a T6AI-4V
pressure vessel with CP weld wirg
4.2.46.1i Fusion Welding [MPR 145] Nitrogen, hydrogen, carbon | Titanium welding needs to be
dioxide, and mixtures containing these | performed in an inert gas
gases shall not be used in welding environment. The cited gases are
titanium and its alloys. not considered inert to titanium an
can react with titanium alloys at
weld temperatures.
4.2.46.1i(1) | Fusion Welding [MPR 146] The inert gashal have a dew Ensures that the water content in
point of-60° C ¢76° F) or lower. the inert gas is low enough that th
potential reaction of water with
titanium at the welding temperatu
is not a problem.
4.2.46.1j Fusion Welding [MPR 147] Weldedalphaand alpha plus | Welding of titanium alloys may
beta titanium alloys shall be stress produce residual stresses that are
relieved in a vacuum or inert gas high enough that the weld needs
environment (Ar or He), or stress relievg be stress relieved. Such stress rel
in air with verification of oxide removal | treatments are done at high enoug
per SAE AMSH-81200D or SAE AMS | temperatures that precautions
2801B, or certified in the aselded against oxidation of the titanium
condition. must be exercigk
4.2.46.1k | Fusion Welding [MPR 148] Titanium beta alloys that are| Titanium beta alloys are less pron
welded shall be evaluated on a chye to residual stress during welding,
case basis with respect to stress relief. | but stress relieving of beta vasl
still needs to be considered.
4.2.46.1 Fusion Welding [MPR 149 Laser weldingor spaceflight | It is NASA policy to use voluntary

hardware that provides missienitical

consensus standards where

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
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functionsshall comply with AWS possible. The cited specifications
D17.1/D17.1M(2010)AMD 1 (2012)or | are industry standards for laser
AWS C7.4/C7.4M (2008), Process welding that have been reviewed
SpecificationandOperator Qualification | and approved for use by NASA.
for Laser Beam Welding.
4.2.46.1m | Fusbn Welding [MPR 150] Electron beam weldinfpr It is NASA poicy to use voluntary
spaceflight hardware that provides consensus standards where
missioncritical functionsshall comply possible. The cited specifications
with AWS D17.1/D17.1M2010)AMD 1 | are industry standards for electror
(2012)or SAE AMS2680C, Electron beam welding that have been
Beam Welding for Fatigue Critical reviewed and approved for use by
Applications. NASA, whereas SAE AMS2681 is
another common industry standar
for electron bam welding but is
not considered adequate.
4.2.46.1n | Fusion Welding [MPR 151 The following welding Although permitted by AWS

practices permitted by AWS
D17.1/D17.1M(2010)AMD 1 (2012)
shall not be used without an approved
MUA to document the acceptance
rationale:

(1) Welding from both sides if full
penetration of the first pass is
not verified (either by
inspection of the back side or
by grinding prior to welding on
the opposite side).

(2) Partial weld penetration in
structural welds.

(3) Straightening operation after
welding.

(4) Lap welds in structural
applications.

D17.1/D17.1M (2010AMD 1
(2012) these practices have been
determined to be unacceptable fo
NASA Program hardware unless
approved through an MUA review
process.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.

1180f 157

APPROVED FOR PUBLIC RELEASE—DISTRIBUTION IS UNLIMITED




NASA-STD-6016C
Section Section Title NASA-STD-6016C Imp Requirement Justification Applicable If No, Enter Rationale
Statement (Yes or No)
4.2.46.10 | Fusin Wdding [MPR 152 The Welding Procedure NASA review of the cited AWS
Specification (WPS) shall include the | specification has determined that
following content in addition to that these additional requirements nee
required by AWS D17.1/D17.1NR010) | to be included in the WPS to ensu
AMD 1 (2012} the adequacy and completeness (
the welding process.
(1) Prequalified rework welds in
accordance with AWS
D17.1/D17.1M (2010AMD 1
(2012)
(2) Tesing and documentation of
allowable parameter variationg
for automatic and semi
automatic welds.
(3) Manual welding parameters.
(4) An associated Procedure
Qualification Record (PQR)
with tension testing and maero
examination results as part of
weld qualification requirements
4.2.4.6.2 | Resistance Welding [MPR 153 Resisance welding for It is NASA pdicy to use voluntary
spaceflight hardware that provides consensus standards where
missioncritical functions, including possible. The cited specification ig
resistance spot welding (RSW), shall an industry standard for resistance
meet the requirements of AWS welding that has been reviewed a
D17.2/D17.2M (2013), Specification for| approved for use by NASA.
Resistance Welding for Aerospace Resistance welding is not used
Applications. frequently in NASA programs and
then primaily for spot welding of
batteries.
4.2.46.3 Friction-Stir Welding of | [MPR 154 Friction-stir welding of It is NASA policy to use voluntary

Aluminum Alloys

aluminum alloys fospaceflight hardware
that provides missiouritical functions
shall meet the requirements of AWS

consensus standards where
possible. The cited specification ig

an industry standard for frictiestir

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
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D17.3/D17.3M (216), Specification for | welding that las keen revewed and
Friction Stir Welding of Aluminum approved for use by NASA.
Alloys for Aerospace Applications.
4.2.46.4 Inertia Welding [MPR 159 Inertia welding forspaceflight| Although this standard is no longe
hardwarethat provides missiouritical active, it has been determined by
functions shall meet the requirements o] NASA that it is the best standard
MIL-STD-1252 (1975), Inertia Friction | existing for establishing and
Welding Process, Bcedire and controlling the inertia welding
Performance Qualification. process. Other active inertia frictig
welding speifications vere
reviewed and found to be
inadequate for
only recommended practices, not
requirements.
4.2.46.4a | Inertia Welding [MPR 156 Surface inspection (penetran Geneally, ineria welds are
and volumetric inspection (radiography) performed on presswedntaining
shall be performed. tube and valve components that
require inspection for surface and
subsurface defects that could
develop into leaks.
4.2.46.4b | Inertia Welding [MPR 157 All welds shall be proof Generally inertia weds are
tested. performed on pressw@ntaining
tube and valve components that
need to be proof tested.
4.2.46.4c Inertia Welding [MPR 158§ Inertia welds used in fluid Generally, inertia welds are
systems shall be helium leak tested. performed orpressurecortaining
tube and valve components that
need to be helium leak tested.
4.2.47a Brazing [MPR 159 Brazing forspaceflight It is NASA policy to use voluntary

hardwarethat provides missiougritical
functions shall be conducted in
accordance with AWS C3.3 (2008),

Recommended Bctices for [esign,

consensus standards where
possible. The cited specification ig
the industry specification for the

design, manufacture, and

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
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Manufacture, and Examination of Critici examination of ctical brazed
Brazed Components. components and has been review
and approved for use by NASA.
4.2.47b Brazing [MPR 160 Brazing of aluminum alloys | It is NASA policy to use voluntary
for spaceflight hardwarthat provides consensus standards where
missioncritical functions shall meet the | possible. The cited specification is
requirements of AWS C3.7M/C3.7 an industry specification for
(2011), Speification fa Aluminum brazing of aluminum that has beet
Brazing. reviewed and approved for use by
NASA.
4.2.47c Brazing [MPR 161] Torch, induction, and furnace It is NASA policy to use voluntary
brazing forspaceflight hardwarthat consensus standards where
provides missioftritical functions shall | possible. The cited specifications
meet the requirements of AWS are the industry specifications for
C3.4M/C3.4 (226), Specification for the types of brazing cited, and the
Torch Brazing; AWS C3.5M/C3.5 have ben eviewed ad approved
(2016), Specification for Induction for use by NASA.
Brazing; and AWS C36M/C3.6 (20.6),
Specification for Furnace Brazing,
respectively.
4.2.47d Brazing [MPR 1&2] Subsequent fusiewelding Need to ensure that high
operations in the vicinity of brazed jointy temperature processing near
or other operations involving high exiging braze jonts does not
temperatures that might affect the brazq degrade the joint by rmelting and
joint shall be prohibited fospacefight reflowing the braze metal.
hardwarethat provides missioaritical
functions unless it can be demonstrated
that the fixturing, processes, methods,
and/or procedures employed will preclu
degradation of the brazed joint.
4.2.47e Brazing [MPR 1863] Brazed joints used in Since transferring all of the load in

spaceflight hardwarthat provides
missioncritical functions shall be

a structural braze joint by tension

through the braze material is not

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
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Section Section Title NASA-STD-6016C Imp Requirement Justification Applicable If No, Enter Rationale
Statement (Yes or No)
designed for shear loading and not be | considered as reliable as
relied upon for stength in axial loading | transferring the load by shear
for structural parts. through the braze material, téms
loaded brae material has to be
avoided. This is accomplished by
using lap joint designs versus butt
joints, where the large brazed
surface area in a lap joint results i
a relatively low shear stress in the
braze material.
4.2.47f Brazing [MPR 164] The shear sength of brazed | It is NASA policy to usevoluntary
joints used irspaceflight hardwarthat congensus standards where
provides missiosftritical functions shall | possible. The cited standard is an
be evaluated in accordance with AWS | industry standard for how to
C3.2M/C3.2 (2008), Standard Method f( evaluate the strength of brazed
Evaluating the Strength of Brazed Joint{ joints and has been reviewed and
approved for use by NASA.
4.2.479 Brazing [MPR 16p] For furnace brazing of Destructive testing ensures the
complex conjurationsof spaceflight adequacy of the braze flow and th
hardwarehat provides missiouwritical the braze alloy and its adhesion tq
functions, such as heat exchangers ang the brazed surfaces are continuoy
cold plates, destructive testing shall be | and metallurgically acceptable.
conducted on prproduction brazed joint
to verify that the braze layer that extend
beyond the fillet aress continuousand
forms a uniform phase.
4.2.48 Structural Soldering [MPR 165] Soldering shallnot be used | The low strength and poor creep
for structural applications. resistance of solders means
soldering cannot be used in
structural applications.
4.2.49a Electrical Discharge [MPR 167] Electricatdischage Since the high surface teenaure

Machining and Laser
Machining

machinirg (EDM) and laser machining

(LM) processes fospaceflight hardware

associted with the EDM and LM

machining processes causes

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
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that provides missiouritical functions undesirable surface damage, it is
shall be controlled to limit the depth of | necessary to control the processe
the oxide layer, the recast layer, and thg to ensure the depth of damage is
heataffected zone. predictable and manageable.
4.2.49a(1) | Electrical Discharge [MPR 183] The oxide layer shall be The oxide layer that is produced b
Machining and Laser | removed from the surface. the EDM and LM machining
Machining processes is generally brittle and
crackprone and must be removed
4.2.49a(2) | Electrical Discharge [MPR 169] In addition, the recast layer | The recast layer and the heat
Machining and Laser and the heaaffected zone shall be affected zone produced by the
Machning removed from bearing, wear, fatigue or| EDM and LM machning processes
fracturecritical surfaces, and from crack| are generally undesirable conditio
or notchsensitive materials. and need to be removed from weg
surfacesand fracturecritical
surfaces.
4.2.49b Electrical Discharge [MPR 170] EDM/LM schedules for Qualification of the EDM and LM
Machining and Laser | spaceflight hardwartha provides machining processes enssiteat
Machining missioncritical functions shall be the depttof the detrimental surface
qualified to determine the maximum conditions is predictable and the
thickness of the affected layers when thl amount of material that must be
depth of the affected material must be | removed is known.
known for removal or analysis.
4.2.410a Nickel Plating [MPR 171] Electrodeposited nickel It is NASA policy © use voluntary

plating forspaceflight hardwarthat
provides missiostritical functions shall
beapplied according to the requirement
of SAE AMS2403, Plating, Nickel
General Purpose; SAE AMS2423E,
Plating, Nickel Hard Deposit; or ASTM
B689-97, Standard Specification for
Electroplated Engineering Nickel
Coatings.

consensus standards where
possible. The cited specifications
are industry standards for
electroplating nickel that have beg
reviewed and approved for use by
NASA.
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4.2.410b Nickel Plating [MPR 172] Electroless nickel plate for | It is NASA policy to use volutary
spaceflidnt hardwarethatprovides consensustandards where
missioncritical functions shall be applie¢ possible. The cited specifications
per SAE AMS2404G, Plating, Electroleg are industry standards for
Nickel, or ASTM B73315, Standard electroless nickel plating that have
Specification for Autocatalytic been reviewed and approved for U
(Electroless) NickePhosphorus Coating{ by NASA.
on Metal.
4.2.410c Nickel Plating [MPR 173] The nicketaluminum Since there is a strong galvanic
interface in nickeplated duminum used | couple between nickel and
in spaceflight hardwarthat provides aluminum, the interface between
missioncritical functions shall be them must be protected corrosive
protected from exposure to corrosive envronments.
environments.
4.2.4.1 Additive Manufacturing | [MPR 174] Spaceflight hardware ImposeNASA-STD-6030additive
manufactured by additive manufacturing manufactiring requiements on
techniques shall be designed, produced NASA space prgrams.
and documented in compliance with
NASA-STD-6030.
425h Nondestructive [MPR 17] The NDE Plan shall address| Since there are many NDE
Evaluation (NDE) Plan | the process for establishment, techniques that are available to
implementation, execution, and control { inspectspaceflight hardwarand
NDE through design, manufacturing, such inspections are performed
operations, and niatenance of throughout the life cycle of the
spaceflight hardware hardware, a Plan is needed to
ensure that the application and
seqence of thenspections are
proper and efficient.
425D Nondestructive [MPR 176] The Plan shall meet the inter; Obviously, since NASASTD-5009

Evaluation (NDE) Plan

of MIL-HDBK-6870B, Nondestructive
Inspection Program Requirements for
Aircraft and Missile Materials and Parts

and,when fractue control is applicable,

sets NDE requirements for fractur
critical components, it has to be
included inhe NDE Plan for

spaceflight hardwareAlthough
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the requirements of NASSTD-5009, MIL -HDBK-6870 states that it is
Nondestructive Evaluation Reigements | for guidanceonly, it is to be treated
for FractureCritical Metallic as a requirements document for
Components. nonfracturecritical components in
the NDE Plan.

4.2.5.1c [MPR 213] NDE acceptance critexiand | NDE acceptance ddria and
requirrments for qualification of NDE gualification requirements are
procedures used on all (metallic, ron | crucial for composite and other
metallic and compotd) hardware shall b¢ structural nometallic magrials not
addressed in the NDBan. just metallic materials.

4.2.51d Nondestructive [MPR 177] Qualification and certification NAS-410 has long been the

Evaluation (NIE) Plan | of personnel involved in nondestructive| aerospace industrynd NASA

testing shall comply with NAS 410 standard for certifying and

(Revision 4), NAS Certification and qualifying NDE personnel.

Qualfication of Nondestructive Test

Personnel. Although ASNT-TC-1A is also
widely used for certifying and
qualifying nondestructive test
personnel.tiis a recommeded
practice only.

4254 NDE Etching [MPR 178] All machined or otherige Machining metal surfaces causes
mechanically disturbed surfaces on disturbed, smeared thin layer of
metallic parts that are to be fluorescent| metal that masks cracks, and the
dye-penetrant inspected shall be disturbed layemust be removebdy
adequately etched to assure removal of etching prior to penetrant
smeared, magkg material jpior to inspection.
penetrant applicatigrwith the following
exceptions:

(1) Previously é&ched parts do not
need etching if the surface hag
not been smeared since the la:
etching.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
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(2) When supporting rationale is
provided, close tolerance partg
may be macied neaffinal and
etched and penetrant inspecte
before final machining in lieu o
etchirg and penetrant inspectin
after final machining.
425D NDE Etching [MPR 179 The etching procedure shall | Since the disturbed metal layeas
specify the minimum amount of materia| a certain @pth, it is required that a
to be removed to ensure that smeared | least an amount of metal equal to
metal does not mask cracks. the thicknes of the disturbed layer
be removed to have an effective
penetrant inspection.
4252 NDE Etching [MPR 180] If etching is not feasible, it | Since not being able to etch mean
shall be demonstratahlat the requied that the penetrant inspection
flaw size can be reliably detected. process would be ineffective, it is
necessary to employ other NDE
methods, such as eddy current or
ultrasonics that can detect the
critical flaw size.
42.6.1 Residual Stresses [MPR 181] Estimates ofesidual stresses| Many metal processes produce

in structural or stressorrosionsensitive
hardware shall beonsideredn structural
analyses and corrosion/stragsrosion
assessments.

residual stressdhat can add to the
stresses from the normally applieg
service stressagsulting in a higher
stress state that needs to be
addressed and accounted for in th
analyses.

An important lesson was learned
repair welding of 2195 Aluminum
Lithium. The repa weld material
was very low strength compared t

the parent materialt(ivas 4043
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weld wire in 2195 parent material)
so the effect of the residual stress
was not apparen
much warpage). However, when
wide specimensantaining only a
short repaiwelded area were
tensile tested, the residual stress
added o the discontinuity shear
stress at the weld/parent metal
interface, causing early failure.
4.2.6.b Residual Stresses [MPR 18] The straightening of warped | Since straightening of a warped p
partsin structural hedware shall require | requires plastic deformation and
an approved MUA. creates the potential for mechanic
damage and high residual stresse|
it is necessary for M&P engineerir
to review and approvéaé process.
42.6.2 Sandwich Assemblies | [MPR 183] For vented sandwich Vents on vergd sandwich
architectures hte differential pressure on| constructions must be large enoug
ascent shall be adequately relieved to | to prevent the pressuréférential
preclude corgo-face sheet bond line between the sandwich interior ang
fipeel 6 fail ur e mod the external environment during
facesheet separatn. launch becoming large enough to
cause facsheet separation.
4.2.6.Dd Sandwich Assembds [MPR 184] Sardwich architectures that | Non-vented sandwich structurelvi

are not vented shall be capable of
withstandirg pressure buildup without
violating strength and stability
requirements.

develop a pressure differential
during ascent of one atmdsgre
(14.7 psiapetween the sandwich
interior and space vacuunihe
structure must beerified to
withstand this pressure differential
without causing faceheet
separation.
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42.6.2

Sandwich Assemblies

[MPR 18] Structural sandwich
assemblies shallebdesigned to pvent
the entrance and entrapment of water
vapor or other contaminaritgo the core
structure.

Since moisture can accumulate in
vented core sandwich assemblies
and can migrate from cell to cell
presenting a corrosion problem, a
since itcan also causersictural
failure in a launch environment
where the exterior pressure
decrease and the rapid temperatu
increase can flash the water to
vapor causing over pressurization
of the face sheet, it is necessary t
prevent such water entrapmenta
migration insandwich assemblies.
An Apollo lesson learned occurreq
when a vented ¢e honeycomb
interstage tank structure failed dug
to moisture accumulation and flas
evaporation during launchVater
intrusion can occur from
condensation / exposure of
sandwich constrctions to humid
air below the d
pumpi ngo where
structures are exposed to large
thermal /humidity gradients
induced by cryogenic fluid storage
gravitational migration of rain
water, forced penetration of wind
driven rain, etc.

4.2.6.2

Sandwich Assemblies

[MPR 18] Structural honeycomb
sandwich asemblies that will be

subjected to heating shélé tested for the
expected environments to show that the
construction can withstand them

The use of metallic or glass
reinforced core$o minimize
intrusion of moisturéntrusion into
the sandwicttore andcan result in

vapor buildup overpressuriing

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.

APPROVED FOR PUBLIC RELEASE—DISTRIBUTION IS UNLIMITED
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Section Section Title NASA-STD-6016C Imp Requirement Justification Applicable If No, Enter Rationale
Statement (Yes or No)
the sandwich assembiyhenit is
heatedby the launch environment
426.2 Sandwich Assemblies | [MPR 187] Sandwich asseblies using To prevent moisture accumulation
perforated and moisturabsorbing cores | that can cause internal corrosion
shall be protected from water ingion and structural failure, sandwich
during assembly and prelaunch activitie. assemblies need to peotected
from water intrusion prior to launck
in addition to their being designed
to prevent moisture intrusion.
4.2.6.2 Sandwich Assemblies | [MPR 18] Structural sandwich It is NASA policy to use voluntary
constructions and core materials shall b consensus standards where
designed, evaluated, and tested in possible The cited standard is an
accordance withite requirements of industry-accepted standard for
CMH-17, Volume 6: Structural Sandwicli sandwich construction and core
Composites. materials thahas been revieed
and approved for use by NASA.
4.2.6.3 Corrosion Prevention | [MPR 189 All parts, assemblies, and Ensureghat corrosion of space

and Control

equipment used ispacdight hardware
that provides missiougritical functions,
including spares, shall be finished to
provide protection fom corrosion in
accordance with the requirements of
NASA-STD-6012, Corrosion Protection
for Space Flight Hardware, with the
following exceptions:

a. SAE AMS2404G is permitted fo
electroless nickel plating as an alternati
to ASTM B73315.

b. Titaniumfasteners may be used
in contact with graphite composites,

provided that they are wet installed with

spaceflight hardwareill be
addressed and eliminated to the
extent possible.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.

APPROVED FOR PUBLIC RELEASE—DISTRIBUTION IS UNLIMITED

1290f 157




NASA-STD-

6016C

Section Section Title NASA-STD-6016C Imp Requirement Justification Applicable If No, Enter Rationale
Statement (Yes or No)
sealant or primer materials.
4.2.6.3.1 | Passivation [MPR 19Q Corrosionresistant steels Ensures that the normally present|
used inspaceflight hardwarthat provides| passive layer that provides
missioncritical functions shall be corrosion resistance igstored.
passivated féer machining.
4.26.3.2 | Sealing [MPR 191] Removable panels and acce| Ensures that corrosive
doors in exterior or interior corrosive environments cannot intrudieto
environments shall be sealed either by | sealed compartments.
mechaircal seals or by separable, faying
surface sealing.
4.2.6.4 Hydrogen [MPR 192 When designing liquid or Ensures that the potential for
Embrittlement gaseous hydrogen systems, the hydrogen embrittlement of metalli
degradation of metallic matials structures containing hydrogen wi
properties by hydrogen embrittlement | be evaluated.
shall be addressed the Materials and
Processes Selectip@ontrol, and
Implementation Plan
42.6.5 Hydrogen [MPR 193 An MUA shall be written Ensures that the potential for
Embrittlement rationalizing the selection of méia hydrogen embrittlement of metallig
materialsfor liquid or gaseous hydrogen| structures containing hydrogen ha
systems to preclude cracking and to been evaluated.
ensure system reliability and safety.
42.6.4 Hydrogen [MPR 194 Electrochemical processes o Ensures that the potential for
Embrittlement exposure to acids or bases during hydrogen embrittlement is
manufacturing or processing of minimized by controlling the time
spaceflight hardwarthat provide of exposure to electrochemical
missioncritical functions shall be processes and to acids and baseg
controlled to prevent hydrogen that the embrittlement relief
embrittlement, or embrittlementlief treatmets are carriedut soon after,
treatmenshall be performed promptly | exposure to such processes and
after processing. fluids.
4.2.6.4¢1) | Hydrogen [MPR 195 When acid cleaning baths or| Baking ensures relief of the
Embrittlement platingprocesses are used on steel part potential for hydrogen

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.

1300f 157
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Section Section Title NASA-STD-6016C Imp Requirement Justification Applicable If No, Enter Rationale
Statement (Yes or No)
for spaceflight hardwarthat provides embrittlement in steels after
missioncritical functions, lhe part shall | exposire to acids oplating
be baked in accordance with SAE processes. The baking process in
AMS2759/9D, Hydrogen Embrittlement| SAE AMS2759/9D has a long
Relief (Baking) of Steel Parts, to allevia] history and is the accepted way to
potential hydrogen embrigiment relieve the potential for hydrogen
problems. embrittlement in steels.
4.2.6.5.1 | Gold-Indium [MPR 196 Gold shall not beised in A lesson learng@ when indium
Intermetallic Formation | contactwith indium or an indium alloy | solder in a Goddard satellite
(such as indium solder) fapaceflight contacted gold wires and the
hardwarethat provides missioaritical resulting goldindium intermedllic
functions. resulted m severe embrittlement
and failure of the gold wires.
4.2.6.5.2a | Gold-Tin Intermetallic | [MPR 197] When used with tirtbased Ensures that the dissolution of gol
Formation solder joints in missiorcritical hardware, | into tin-based solder will be
gold shall be removed from at least 95 | minimized, thereby minimizing the
percent of the surfacto be solderedf all | formation of brittle goletin
component leads, component intermetallic compounds.
terminations, and solder terminals.
4.2.6.5.d | Gold-Tin Intermetallic [MPR 198 Gold-coated contacts shall n{ Ensures that the propensity for
Formation be mated with tin or tin allegoated fretting corrosion between gold
contacts for separable contact interface| coatedcontacts and maig tin-
in missioncritical hardware. coated contacts will be avoided.
4.2.6.5.2 | Gold-Aluminum [MPR 199 Gold-aluminum brazing An aluminumrich intermetallic

Intermetallic Formation

processes glil be controlled to minimize
formation of the AuAd intermetallic
known as APurpl e H
formation of tle AusAl intermetallic
known as AWhite PI

phase, the AuAlintermetallic
known as fBRuwripl
inherent (and not necessarily
harmful) to goldaluminum brazing;
however, if excessive heat is
applied, too much ofhe
intermetallic can form at the
braze/part interface, causing joint

failure. A goldrich phase, the

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.

APPROVED FOR PUBLIC RELEASE—DISTRIBUTION IS UNLIMITED
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Section Section Title

NASA-STD-6016C Imp Requirement
Statement

Justification

Applicable
(Yes or No)

If No, Enter Rationale

AusAl; intermetallic known as
i Wh iPlagered 1 s  al
detrimental. Its formation is
catalyzed by silicon, so care shou
be taken to keethe braze joint
zone free of contamination

W a

4.2.6.5.3b | Gold-Aluminum

Intermetallic Formation

[MPR 200 Gold-aluminum bonding

processes shall be coolled to prevent
the formation of the AuAlintermetallic
known as APur pl eAl:H
intermetallic knowna fi Whi t e

Purple Plague is a significant
problem in microelectronic
applications, because as purple
plague forms, it reduces olume.
This creates cavities in the metal
surrounding the purple plague,
which increases electricalgistance
and straturally weakens the wire
bonding. White plague is worse,
because it has low electrical
conductivity and, if enough of it
forms, the reulting electrical
resistance can cause a total failur
of the component. Whereas somé
amount of purp@ plague is
expeded and acceptable for geld
aluminum brazing processes, it is
never acceptable in electrical
bonding processes.

4.2.6.6.1 | Liquid Locking

Compounds

[MPR 207 If a liquid-locking compound
is used as a locking feature where
rotational loogning or disengagment
would result in a critical or catastrophic
hazard, its use shall comply with the
design and quality requirements and be
practices in NASASTD-5020,
Requirements for Threaded Fastening

Imposing NASASTD-5020
ensures that issues and problems
associated with the use of liquid
locking compounds will be
avoided.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,

Control, and mplementation Plan.
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Section Section Title NASA-STD-6016C Imp Requirement Justification Applicable If No, Enter Rationale
Statement (Yes or No)
Systems in Spaceflight Hardware,
sections 5.5rd 7.6 and Appedix C.

42.6.6.2 | Silver-Plated Fasteners| [MPR 202]Silver-plated fasteners shall | Ensures that the friable black oxid
not be used in external applimms where| that forms orsilver exposed to
thesilver plating is directly exposed to | atomic oxygen will not contaminat
atomic oxygen for a period longer than | other components or mechanismsg
weeks. or contaminate &onaut suits and

gloves during EVAs.

42.6.4 Contamination Control | [MPR 203]A Contamination Control Spacecrafperformance can be
Plan shall be generated in accordance | severely degraded by the presenc
with theguidelines of ASTM E1548 of excessive contamination, leadin
(2009), Standard Practice for Preparatiq to loss of mission or mission
of Aerospace Contamination Control objectives. A Cotamination
Plans. Control Plan covering the entire

hardware life cycle is necessary tq
ensure thaana n
approach iproperly implemented.
The cited ASTM standard is a
voluntary consensus standard tha
has been reviewed and approved
use by NASA.

4.2.6.D Contamination Control | [MPR 204]The Contamination Control | The cited areas of material
Plan shall include controls on processing, hardware packaging,
contaninatiorntsensitive manufacturing and FOD preventio are the most
processes, such as adhesive bonding, | important types of contamination
controls on packaging for shipment and| that need to be controlled and
storage, and a foreign object addressed in the Contamination
damage/debri§~OD) prevention Control Plan.
program.

42.6. Contamination Catnol [MPR 205]The FOD prevention progran Since damag tospaceflight

shall be established for all ground
operations of mechanicahd electrical

systems ofspaceflight hardware

hardwargrom FOD can be very
expensive and impact schedules,

is mandatory that a FOD preventig

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.

APPROVED FOR PUBLIC RELEASE—DISTRIBUTION IS UNLIMITED
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Section Section Title NASA-STD-6016C Imp Requirement Justification Applicable If No, Enter Rationale
Statement (Yes or No)
including the design, development, program be established that
manufacturing, assembly, repair, addressg all sources and means o
processing, testing, maintenance, preventing FOD damage
opeation, and checkout of the equipmelt hr oughout t he
to ensure the highest practical level of | cycle.
cleanliness.
4.2.6.d Conamination Control | [MPR 206]The FOD prevention progran It is NASA policy to use voluntary
shall conform to NAS 412 (Revision 1),| consensus standards where
Foreign Object Damage/Foreign Object| possible. NAS 412 is the aerospa
Debris (FOD) Preventio industry standard foFOD
prevention and has been reviewe(
and approved for use by NASA.
4.2.6. 8 Contamination Control | [MPR 207]Cleanliness levels for Ensures thatte cleanliness \e| of
assembly and subassemblgvel each hardware item has been
hardware shall be identified on the specified.
engineering drawings.
4.2.6.8 Packaging [MPR 208]Packaging shall protect Obviously, spaceflight hardware
spaceflight hardwarifom corrosiorand | needs to be protectediting
contamination during shipping and shipment ad storage.
storage.
4.3 Verification [MPR 209]Verification of compliance Since it is NASA policy to provide

with the requirements of this NASA
Technical Standard shall considtthe
following steps as a minimum:

a. NASA approval of the contracto
Materials and Processes Seiect
Control, andmplementatiorPlan and
other applicable materials data
requirements documents, such as the
Contamination Control Plan and NDE
Plan.

clear, concise, verifiable
requirements, it is necessary for
NASA M&P to have oversight and
insight into howthe contractorand
their subs and vendors implement]
and controkpaceflight hardware
M&P. The cited steps of reviewing
and approving t
M&P plans, requiring M&P
drawing signature approval,
conducting audits, membership or

the materials contl panel, and

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.

APPROVED FOR PUBLIC RELEASE—DISTRIBUTION IS UNLIMITED
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NASA-STD-6016C Imp Requirement
Statement

Justification

Applicable
(Yes or No)

If No, Enter Rationale

b. Contractor M&P signature on
engineering drawings to verify
compliance with the requirements of thi
NASA Technical Stadard or the
Materials and Processes Selection,
Control, and Implementation Plan.

c. NASA audits of contractor M&P
activities relatingo hardware design ang
manufacturing.

d. Establishment and operation of
the M&P control panel in accdance
with section 4.1.4 of this NASA
Technical Standard.

e. NASA approval of MUAs.

f. NASA approval of MIULs.

aporoval of MUAs and MIULs
provide NASA M&P with the
oversight and insight necessary tg
verify that the requirements of
NASA-STD-6016 havébeen met.

NOTE: Persectior4.1.6 The use oM&P that do not comply with the technlgaquirements of thisSlASA Technical $&andard may be acceptalitethe actual hardware applicatioMUAs are
requiredfor all M&P that are technically acceptable but do not meet the idmequirements of thiSASA TechnicalStandard, as implemented the approved Materialnd Processes Selection,
Control, and mplementation Plan.
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APPENDIX B

TYPICAL MUA FORM

C USAGE AGREEMENT NO. REV
MATERIAL USAGE AGREEMENT |
PAGE OF
PROJECT: SYSTEM: CATEGORY: ORIGINATOR: ORGANIZATION/CONTRACTOR:
PART NUMBER(S): USING ASSEMBLY(S): ITEM DESCRIPTION: ISSUE:
MATERIAL DESIGNATION: MANUFACTURER: SPECIFICATION: PROPOSED EFFECTIVITY:
MATERIAL CODE: LOCATION: ENVIRONMENT:
THICKNESS: WEIGHT: EXPOSED AREA| HABITABLE E] PRESSURE PSIp: TEMP.F: MEDIA:
NONHABITABLE ]
APPLICATION:
RATIONALE: (use second page if required.)
MATERIAL USAGE AGREEMENT DISPOSITION
CONTRACTOR TIER 1 CONTRACTOR PRIME NASA PROJECT MGR. NASAM & P

DATE APPROVE REJECT DEFER MEMO NO.:

EFFECTIVITY:

ORIGINATING CONTRACTOR

APPROVED FOR PUBLIC RELE ASE—DISTRIBUTION IS UNLIMITED
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STRESS CORROSION EVALUATION FORM

Part Number

Part Name

Next Assembly Number

Manufacturer

Material

Heat Treatment

Size and Form

N~ WNE

Sustained Tensile Stresses-Magnitude and Direction
a. Process Residual

b. Assembly

c. Design, Static

9. Special Processing

10.Weldments

a. Alloy Form, Temper of Parent Metal
. Filler Alloy, if none, indicate

. Welding Process

b

c

d. Weld Bead Removed - Yes (), No ()
e. Post-Weld Thermal Treatment

f. Post-Weld Stress Relief

11.Environment

12.Protective Finish

13. Function of Part

14. Effect of Failure

15. Evaluation of Stress Corrosion Susceptibility

16.Remarks:

APPROVED FOR PUBLIC RELE ASE—DISTRIBUTION IS UNLIMITED
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APPENDIX C

RETIRED CATEGORY Il MUA RATIONALE CODES

The Category Il MUA rationale codas theinterim andbaseline elease of NASSTD 6016
have been incorporated (with modifications) into the bodyisNNASA Technical Standaes
exceptions to theeguirements ohave been eliminate@ategory Il MUASs are no longer
required for codes that were inqmrated as excejuns.Codes were eliminated when the
rationales were no longer applicable or a full MUA was considered appropriate for the

deviation. Tle retired codes are listed here for continuity with programs working to the earlier

releases. As desbted insectiond.1.6.1.3, contractors who want to use Category Ill rationale
codesmay do so through their approved Materials and Processes SelectiomplCand
Implementation Plan.

RETIRED FLAMMABILITY RATIONALE CODES

CODE RATIONALE

101 Approved Magrials Usage Agement (MUA) Category |.

102 Approved Materials Usage Agreement (MUA) Category |l

103 Materials passed requirements when tested ifigioation.

104 Unexposed, overcoated, or sandwiched between nonflammable materials
ignition sadrce or propagatn path.

105 Minor usage (less than 45 g (0.1 Ib) mass and 32nm?) surface area); no
propagation path or ignition source.

107 Passes test No. 10 of NASRTD-6001, Flammability Test for Materials in
Vented Containers, by test analysis.

108 Off-the-shelf equipment having material acceptable in configuration; no ign
source or propagation path.

109 Material not exposed; tally immersed in fluid; evaluated for fluid compatibili
only.

110 Material is acceptable when used a metal subsite that provides a good hea
sink. Material considered noncombustible in this configuration by test or
analysis.

111 Material is flamnable but is sandwiched between nonflammable materials v
edges only exposed and is more than 5 cm)(8om an igniton source or morg
than 30 cm (12 in) from other flammable materials.

112 Material is flammable but is unexposed or is overcoatedavitbnflammable
material.

113 Material is flammable but has a thicknésss thard.25 mm (0.010 in) ahis
sprayed or bnded to a metallic surface greater than 1.6 mm (0.062 in) thick

114 Materi al is flammabl e but itkan3ucendg2d
in) from an ignition source or more than 30.5 cm (12 in) from other flamma
mat erSnmdlsl. aimdammab#itp mak loe quantified as follows: tot
weight less than 45 g (0.1 Ib) and less than 13(218 irf) surface area.

APPROVED FOR PUBLIC RELE ASE—DISTRIBUTION IS UNLIMITED
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RETIRE D TOXICITY (OFFGASSING) RATIONALE CODES

CODE RATIONALE

201 Approved Material Usage Agreement (MUA)t€gory |I.

202 Meets toxicity requirements with performed cure.

203 T value for material/component in usage weight is 4@:5nanned flight
compartmenvolume.

204 Materials usage in hermetically sealed container.

RETIRED FLUID SYSTEM COMPATIBILITY R ATION AL E CODES

CODE RATIONALE

301 Approved Material Usage Agreement (MUA) Category |.

302 Passes requirements in configuration.

303 Material isB-ratedin MAPTIS (batch/lot testing required) but batch/lot used
hardwarepassed test.

304 Approved Maerial Usage Agraaent (MUA) Category |l.

RETIRED THERMAL VACUUM STABILITY RATIONALE CODES

CODE RATIONALE

401 Approved Material Usage Agreement (MUBgategory |.

402 Approved Material Usage Agreement (MUA) Category II.

403 VCM between 0.1 and 1.0 mant exposed aeisless tharl3 cnt (2 in?) and
not near a critical surface.

404 VCM >1.0 percentexposed area lsss tharl.6 cnf (0.25 irf).

405 Unexposed, overcoateor encapsulated with appraleaterial.

406 Material isB-ratedin MAPTIS (bdch/lot testing equired) but batch/lot used in
hardwarecured to meet requirements.

407 Meets thermal vacuum stability requirements in configuration.

408 Materials usage in hermetically sealed container.

409 Material has VCM >0.1 percent but is encldse a sealed cdainer (maximum

leak rate less than 1 x 1@m®/sec).

APPROVED FOR PUBLIC RELE ASE—DISTRIBUTION IS UNLIMITED
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RETIRED STRESS CORROSION CRACKING RATIONALE CODES

CODE RATIONALE

501 Approved Material Usage Agreement (MUA) Category |.

502 Approved Material Usage Agreement (MUA) Category Il.

503 Maximum tenge stress <5@ercentf yield strength for part on
electrical/electronic assemblies.

504 Martensitic orPH stainless steels used iallbbearing, raceor similar
applications where the primary loading is compressive.

505 Metal notlisted intable 1 oMSFC-STD-3029for stress corrosion cracking is
not exposed to a corrosive environment after final assembly througteemnd
use.

506 Carbonandlow alloy high strength steetgeater thari240 MPa 180 ks) used
in ball bearings, spring®r similar apgtations where primary loading is
compressive, low tensile stresseshistory of satisfactory performance.

RETIRED CORROSION RATION ALE CODES

CODE RATIONALE

601 Approved Material Usage Agreement (MUA) Category |.

602 Approved Materl Usage AgreemeriMUA) Category |l.

603 Adequately finished for corrosion protection.

604 Acceptable in use environment.

606 Electrical grounding mguired, cladding plus conversion coating adequate.

607 Thermal conductance and electrical bonding ireguents precludpainting.
Conversion coating is adequate (for aluminum only).

608 Finished on a highexssembly.

609 Laminated shim minimum exposwg of corrosion resistant material.

610 Material does not meet the requirements of MSSRECG250, Classll, but is

treakd or coated in a manner which meets or exceeds the requirements of
MSFCGSPEG250. Actual surface treatmestallbe listed.

611 Material does not meet the requirements of MSEREG250, Class I, buis
not exposed to a corrosive envinent after finaessembly through ertem
use.

612 Welding of titanium alloyto-alloy or commercially pur¢o-alloy using

commercially pure filler metan mixed alloy welds where hydrogen
embrittlement is not predicted in service.

APPROVED FOR PUBLIC RELE ASE—DISTRIBUTION IS UNLIMITED
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RETIRED GENERAL CODES

CODE RATIONAL E

702 Generic materials controlled by military or industry specification using MAF
averages for ratings or test results. Materialesofor generic materighallbe
used.

703 Military specification or industry specification allowirsgveral materiabptions

where all options have acceptable ratings.

APPROVED FOR PUBLIC RELE ASE—DISTRIBUTION IS UNLIMITED
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APPENDIX D

RECOMMENDED DATA REQUIREMENTS DOCUMENTS

D.1 Recommended Data Requirments

The purpose of this appendsto provide ecommended Data Requirements Documents (§)RD
as folows:

Materialsand Processes Selecti@yntrol andimplementatiorPlan
Materiak Usage Agreements (MUs\

Materials Identification and Usage List (WL).

Contamination Control Plan (CCP)

Nondestructive EvaluatiofNDE) Plan

Additive Manufacturing Cotrol Plan (AMCP)

Corrosion Prevention and Conti@lan

= =4 -4 8 A8 -5 9

Examples of DRD contemior the firstfive recommended DRDare provided on the following
pagesAn example of DRD content for th@orrosion Prevention and Control Piarprovided in
NASA-STD-6012.Additional information regarding the AMCP can be found in NASAD-
6030.Thespecific DRDs and the content of those DRDs should be tailored to each spacecraft
program and additional DRDs may be appropriate.

APPROVED FOR PUBLIC RELE ASE—DISTRIBUTION IS UNLIMITED
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DATA REQUIREMENTS DESCRIPTION (DRD)

1. PROGRAM: 2. DRD NO.: XXXX
3. DATA TYPE: 1 4. DATE REVISED:
5. PAGE: 1
6. TITLE : MaterialsandProcesses Selection, Control, and Implementation Plan

7. DESCRIPTION/USE:
This Plan shalldocument the degree of conformance and method of implementation for
each requiremerni this standard, identifying applicableiouse specificains used to
comply with the requirement. $hallalso describe the methods used to control
compliance with these requirements by subcontractors and vendors. The Materials and
Processes Selectip Control, and Implementation Plan, upon approval by theupira
activity, shallbecome the Materials and Processes implementation document used for
verification.

8. DISTRIBUTION : As determined by the Contracting Officer.
9. INITIA L SUBMISSION: SRR

10. SUBMISSION FREQUENCY: Final at SDR

11. REMARKS:

12. INTERRELATIONSHIP : Parent SOW Paragraph: XXXX

13 DATA PREPARATION INFORMATION :

13.1 SCOPE
The Materials and Processes Selection, Control, and ImplementatioshBlatescibe
the hardwarel e vel oper 6s activities mnatonywol ved in t

documentation, and reporting of materials and processes usage isjspeefight
hardware support hardwar@nd ground support equipment.

13.2 APPLICABLE DOCUMENTS:
NASA-STD-6016A, Standard Materials and Processesjuirements for Spacecraft

13.3 CONTENTS:
The necessary interfaces with procuring activity in the operation dPlimshallbe
defined. The method for materials control and verification of subcontrastdreendors
shal be included in the hardware developer's plan. As a miniamohas applicable, the
Plan shalladdress the following:

Conformancé The Planshalladdress each applicable paragraph of NASA-6016A
and describe the method of implememtatand degree aonformance for each

APPROVED FOR PUBLIC RELE ASE—DISTRIBUTION IS UNLIMITED
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applicable requirement. If tailoring tfie requirements is planned or necessary, alternate
approaches to NASATD-6016A may be submitted in thiRlan, which meet or exceed

the stated requirements. This tailoring apgtowill allow fa NASA approval of

alternate requirements.

Hardware Developés Organizatiofi Authority shallbe assigned to an individual or
group whaoshallbe responsible for review and approval of all M&P specified prior to
release of engineering damentation.

Materials and Processes ldentificatibmdentification and docusntation of the M&P
used, both in the original design and in any chargjesdl|be contained in the Matergl
Identification and Usage LigMIUL) DRD.

Testingi Logic, procedues and data doguentation for any proposed test program to
support materialscreening and verification testing. Any material/process testing to be
performed by the hardware develoghallrequire prior NASA approval.

Materials Usage Agreement (MUA)dedures$ Logic, proceduresand documentation
involved in documenting and ppving materials/processes as indicated in NASAD-

6016A shallbe defined, including those that do not meet the established requirements but
are proposed for use due to lackeplacement matils/processes or other
considerationsandshallbe contaied in the Materials Usage Agreemé@iUA) DRD.

Material Design PropertidsThe Plan shallcontain the philosophy describing how
material properties will be determined, anthibse propertiedo not exist, how the
material properties will be developedcluding, but not limited tgthe statistical
approaches to be employed.

Process Controls The Plan shallidentify all process specifications used to implement
specific requiements in NASASTD-6016A. All materials processes used in
manufacturingshallbe documented in process specificatj@msl all applicable process
specificationshallbe identified on the engineering drawing. Each processing step in the
process specificain shallbe idenified in a level of detail that ensures the process is
repeaable.

13.4 FORMAT : Electronic, Wor-compatible document or AdoB&DF. For each
paragraph in sectiohof NASA-STD-6016A, thePlan shallstate the requirement from
NASA-STD-6016A, identifytre degr ee of conformance wunder
ofConfa mance, 06 and identify the method of i mg
AMet hod of | mpl ementation. o

13.5 MAINTENANCE : Contractofproposed changes to documshallbe submittedo
NASA for appoval. Complete reissue of the document is required.
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DATA REQUIREMENTS DESCRIPTION (DRD)

PROGRAM: 2. DRD NO.: XXXX
DATA TYPE: 1 (Category | and Il MUAs) 4. DATE REVISED:
2 (Category 11l MUAS) 5. PAGE: 1

TITLE : Materials Usagégreements (MUA)

DESCRIPTION/USE:

MUAs shall be submitefor all materials and processes that are technically acceptable
but do not meet the technical requirements of NASAD-6016A, as implementely the
approved Materials and Prases Selection,dtrol, and Implementation Plan. [The use

of materials and pcesses that do not comply with the technical requirements of this
standard may be technically acceptable if hardware reliability and vehicle safety are not
affected.]

DISTRIBUTION: As detemined by the Contracting Officer.

INITIAL SUBMISSION: PDR.

SUBMISSION FREQUENCY: At PDR and as the need for new MUAs is identified
during the detailed design process. MWhsillbe revised and resubmitted whenever
design moditations affecthe part numbersr the environment or loads change to more
severe thandentified on the MUA or the MUA rationale.

REMARKS::

INTERRELATIONSHIP : Parent SOW ParagraplXXXX

DATA PREPARATION INFORMATION :

SCOPE
MUASs shall be submittechs described below.

Category | MUASI Category | MUAs ar¢hose that involve material/processes usage

that could affect the safety of the mission, crew, or vehicle or affect the mission success,
but must be used for functional reasorgpproval by the esponsible NASA Materials

and Processes organization andMi#eSA Program/Project Officehallbe required.

Category Il MUAs- Category Il MUASs are those that involve material/processes usage
that fails a screening of Matersand Proceses requirementnd is not considered a
hazard in its use application but fehich no Category Il rationale code exists. Approval
by the responsible NASA Materials and Processes organiztaiibe required.

Category Il MUAsI Category Il MUAs aréhose that invole materials or processes
that have not been shown to meestheequirements but have an approved rationale code

APPROVED FOR PUBLIC RELE ASE—DISTRIBUTION IS UNLIMITED
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listed inthe hardware developapprovedVaterials andProcesses$election, Control,
and Implementation Plaifhey are evaluad and determinketo be acceptable at the
configuration/part level. Categotif MUAs shallbe reported in the Materials
Identification and Usage List (MIUL) system or electronic data system utilizing the
approved rationale codestime Materials andProcessesSelectionControl, and
Implementation PlarNo MUA form is submitted.Qategory IIl MUAs are identified
here for completeness but are not required until after PDR.]

APPLICABLE DOCUMENTS:

NASA-STD-6016A, Standard Materials and ProcesResgjuirenents for Spaceatft
MSFC-STD-3029, Guidelines for the Selection of Metalli@aidrials for Stress Corrosion
Cracking Resistance in Sodium Chloride Environments

CONTENTS:

The MUA packagehallinclude all technical information required to justify the
application. MUASor stress corrosiogshallinclude a Stress Corrosion Craogi
Evaluation per MSFETD-3029 section 5.4

FORMAT : Electronic. A sample MUA form is provided in NASBTD-6016A;
however, Contractor format is acceptable. The compiété packageshallbe provided
in Adob& PDF format; the MUA fornshallalso beprovided in a format that is
compatible with the NASA Materials and Processes Technical Information System
(MAPTIS) database.

MAINTENANCE : Contractor updates to the Cabeg | and Categgrll MUASs shallbe
submitted to NASA for approval. Completssue of the MUA is required.
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DATA REQUIREMENTS DESCRIPTION (DRD)

PROGRAM: 2. DRD NO.: XXXX
DATA TYPE: 2 4. DATE REVISED:
5. PAGE: 1

TITLE : Materials Idatification and $age List (MIUL)

DESCRIPTION/USE:

The MIUL is an electroic searchable parts list or separate electronic searchable materials
identification and usage list. The MIUL identifies all Mategiahd Processes (M&P)

usages contained in tlead item, excludig piece part electroniesxd materials in sealed
container§maximum leak rate less than 1 x“1€m?/sec) for evaluation of the

acceptability of M&P selected and utilized.

DISTRIBUTION : As determined by the Contracting Officer.
INITIAL SUBMISSION: PDR

SUBMISSION FREQUENCY:: As-designed MIULI at Hadware Acceptance Review
As-built MIUL updates prior to FRR

REMARKS:
INTERRELATIONSHIP : Parent SOW Paragraph: XXXX

DATA PREPARATION INFORMAT ION:

SCOPE

Materials and processes usatpallbe documented in an etesnic searchable parts list

or separate electronic searchable Materials Identification and Usage List (MIUL). The
procedures and formats for documentation of materials andgsexasage willapend

upon specific hardware bshallcover theasbuilt hadware The system useshallbe an
integral part of the engineering configuration control/release system. A copy of the stored
datashallbe provided to NASA in a form compatibleth the Materigs and Processes
Technical Information System (MAPTIS).

Wire, cable, and exposed surfaces of connectors shall be reported on the MIUL. All other
standard and nonstandaddctrical,electronic, andllectromechanical (EEE) parts are

exemp from reportingon the MIUL. Materials used in hermetically sealed electronic
containers (maximum leak rate less than 1 % d®*/sec) are also exempt from inclusion

in the MIUL.
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13.2 APPLICABLE DOCUMENTS:
NASA-STD-6016A, Standard Materials and PresesRequirement$or Spacecraft

13.3 CONTENTS:
The parts list or MIULshallidentify the following applicable information:

- Detail drawing and dash number
- Next assembly and dash number
- Change letter designation

- Drawing source

- Material form

- Material manufactuer

- Material manufacturer's designation
- Material specificon

- Process specification

- Environment

- Weight(nonmetallic materials)

- MAPTIS Material Code(if data are to be provided in a form compatible with MAPTIS)
- Standard/commeral part number
- Contractor

- System

- Subsystem

- Maximumoperatingtemperéure

- Minimum operatingt.emperature

- Fluid type

- Surfacearea(nonmetallic materials)
- Associate contractor number

- Project

- Document title

- Criticality

- Line number

- Overall evaluation

- Overallconfiguration test

- Maximumoperatingoressure

- Minimum operatingoressure

- MUA number or rationale code

- Cure codes

- Materials rating

- Remarkgcomments field)

13.4 EORMAT : Contractor format is acceptable. However, Cactor format forelectronic

submittal of MIUL datashallbe compatible withite NASA Materials and Processes
Technical Information System (MAPTIS) database.

APPROVED FOR PUBLIC RELE ASE—DISTRIBUTION IS UNLIMITED
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13.5 MAINTENANCE : Contractor updates to the MIUhallbe submitted to NASA for
approval. Comple reissue of thdocument is not required.
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DATA REQUIREMENTS DESCRIPTION (DR D)

PROGRAM: 2. DRD NO.: XXXX
DATA TYPE: 2 4. DATE REVISED:
5. PAGE: 1

TITLE : Contamination Control Plan (CCP)

DESCRIPTION/USE:

The ContaminationContrd Plan defines implementation measures to control
contamination ospaceflighthardwareand fluid systems during manufacturing,
assembly, test, transportatigtoragelaunch site processing, and pégiht
refurbishment.

DISTRIBUTION : As determinedyy the Contractig Officer.
INITIAL SUBMISSION: PDR

SUBMISSION FREQUENCY: The contractor may submit updates/revisions at any
time. Final submissioshallbe at CDR.

REMARKS:
INTERRELATIONSHIP : Parent SOW Paragraph: XXXX

DATA PREPARATION INFORM ATION :

SCOPE

The ContaminationControl Plan shallbe generated in accordance with the guidelines of
ASTM E1548, Standard Practice for Preparation of Aerospace Contamination Control
Plans(as specified by NASATD-6016A) andshallinclude:

a. A Foreignh ObjectDebris £OD) Control Plan to prevent damage spacdight
hardwareand injury to the flight crew by FOD during manufacture, assembly, test,
transportationstoragejaunch site processing, operation, repair, modification,
refurbishmentand mainénance. The FOD prevention prograhallconform to NAS
412, Foreign Object Damage/Foreign Object Debris (FOD) Prevention, as specified
by NASA-STD-6016A.

b. Definition of cleanliness level acceptance limits and verification methods fdr flui
systems, and fayeneralkpaceflight hardwarmternal and external surfacéghePlan
shallalso contain a list identifying all system fluids, together with the fluid
specifications (for procurement or custom mixing) and the required cleanliness levels
for the fluid sysem.

APPROVED FOR PUBLIC RELE ASE—DISTRIBUTION IS UNLIMITED
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APPLICABLE DOCUMENTS:

NASA-STD-6016A, Standard Madrials and Process&equirements for Spacecraft
NAS 412, Foreign Object Damage/Foreign Object Debris (FOD) Prevention

CONTENTS:
The FODControl Plan shalladdress the fadwing elements:

a. ldentification of probable FOD sources

b. Early desigrconsiderations for FOD prevention, resistance to damage, foreign object
entrapment, etc

Manufacturing planning for minimizing FOD generation and cleaning up whatever
FOD isgenerated

FOD control methods

FOD Awareness and Prevention Training.

Metrics- Measuring techniques for analysis, trending, and feedback.

Incident investigation/reporting, "lessons learned."

Awareness/Employee Feedback.

o

S@ oo

The contractoshalldefine clealiness level acceptance limits and verification methods
for fluid systems and for genergppaceflight hardwarmternal and external surfaces. The
contractorshallalso provide a list identifying all system fluids, together with the fluid
specificationsfpr procurement or custom mixing) and the required cleardite®ls for
the fluid system.

FORMAT : Electronic, Wor-compatible document or AdoB&®DF.

MAINTENANCE : Changes to the document proposed by the contractor shall be
sulmitted to NASA fa approval Complete rssue of the document is required.

APPROVED FOR PUBLIC RELE ASE—DISTRIBUTION IS UNLIMITED
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DATA REQUIREMENTS DESCRIPTION (DRD)

1. PROGRAM: 2. DRD NO.: XXXX
3. DATA TYPE: 4. DATE REVISED:
5. PAGE: 1

6. TITLE: Nondestructive EvaluatiofNDE) Plan

1. DESCRIPTION/USE:
The Nondesuctive Evaluation (NDEPIan shall address the NDE requirartse
necessary to assure the health and integrity asgheeflight hardwarthroughout its life
cycle. ThisPlan shall identify all Nondestructive Evaluation (NDE) standardd@yegd
in the insgction of materials.

8. DISTRIBUTION: As determined by the Caacting Officer.
9. INITIAL SUBMISSION: PDR

10. SUBMISSION FREQUENCY: The contractor may submit updates/revisions at any
time.

11. REMARKS:
12. INTERRELATIONSHIP:

13. DATA PREPARATION INFORMATION:

131 SCOPE
The NDE Plan shall address the process for eshaibéiat, implementation, execution
and control of NDE. Th&an shall meet the intent of MiHDBK-6870, Inspection
Program Requirements, Nondestructive for Aircraft and MissileeN&s and Partsand
the requirements of NASATD-5009, Nondestructive Evadtion Requirements for
FractureCritical Metallic Gomponentsas specified biNASA-STD-6016A, Standard
Materials and Processes Requirements for Spacecraft

13.2 APPLICABLE DOCUME NTS:
NASA-STD-6016A, Standard Materials and Processes Requirements for Sgicecr
MIL -HDBK-687Q Inspection Program Requirememtendestructive for Aircraft and
Missile Materials and Parts
NASA-STD-5009 Nondestructive Evaktion Requirements for FracCritical
Metallic Componerd
NAS 410, NAS CertificatiomndQualification ofNondestructive Test Personnel

APPROVED FOR PUBLIC RELE ASE—DISTRIBUTION IS UNLIMITED
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13.3 CONTENTS:
NDE Specifications and Standafid3he NDEPlan shall address the selection and the
order of precedence of applicalgievernmentjndustry and prine contractor NDE
specifications and standards and how theireqnents contained therein are implemented
through internal procedures and htmmdocuments. The oversight of subcontractor
implementation and flow down of the NDE requiremestiall also be addssed. The
Plan shall address commonly used aerospace iydNSIE methods including, but not
limited to, fluorescentdye penetrant, radiographic (film radiography, digital radiography,
computed tomography), ultrasonic, neutron radiogyaptagnetic partie, eddy current,
infrared thermography, and visual inspenti ThePlan shall address how all NDE
specifications and standards will be approved by the appro@uasternment authority.

NDE Requirements During Hardware Desigiihe NDEPlan shall addressow the
processes are implemented to ensure that all desigieviewed to establish NDE
inspection requirements and to ensure that the parts are inspectalarnsleall
address how the areas or zones of the part to be inspectddrdifeed on tle drawing.
ThePlan shall address how the operations and teaance NDE requirements will be
integrated in the design of the hardware.

Part Classificatioii The Plan shall address appropriagaceflight hardwarand GSE
part classificdon in accordane with MIL-HDBK-6870.

NDE Sensitivity Level§ NDE sensitvity levels shall be classified as Standard NDE,
Special NDE, Custom NDE&nd Visual Inspection in the NDBan. ThePlan shall

address minimum detectable flaw size for Standidd& for each matgal group of
spaceflight hardware compliance with NASASTD-5009 where applicable. Than

shall address procedures for defining NDE acceptance criteria for each of the sensitivity
levels and identify organizations and their respotisés in estabkhing NDE

acceptance criteria, NDE drawing call o@sdNDE Operations and Maintenance

criteria. Note: Custom sensitivity level refers to an NDE sensitivity level that is not
covered under the other three NDE sensitivity levels anplplcable to norfracture

critical parts.

NDE Acceptance Criteria The Plan shall address how NDE acceptance criteria are
determined and implemented for each sensitivity levelspaceflight hardwarghePlan
shall require rejection of any cratike flaw irrespectiveof the sensitivity level of the
inspection. Thé’lan shall @ddress how significant flaw indications, irrespective of the
acceptance criteria, will be dispositioned.

NDE During Manufacturing The Plan shall address establishment of minimNDE
acceptanceequirements in terms of NDE sensitivity level, methods gpéction
(fluorescendye penetrant, ultrasonietc.), sampling frequencgndNDE inspection
coverage (e.gl00percentsurface area or selected area) for manufactured hagdsar
grouped by lassification of the part, material typsnd form. The NDElan shall
address how NDE is sequenced such that inspection reliability is optimized by
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performing NDE before manufacturing processes that may significantly reduce flaw
detectioncapability. Therequirements for etching of metal parts prior to penetrant
inspection shall be specifically addressed inRlag.

NDE Material Compatibility ThePlan shall address compatibility of NDE materials
and processes with the hardware.

Fractue-Critical Partg The Plan shall address how the listing of all Frac@mécal
parts, created according to the Fracture Control Plan, will be integrated with NDE
requirements. ThBlan shall address Special NDE and Standard NDE methods in
accordance ith NASA-STD-5009

NDE During Operations and MaintenaricEhe NDEPlan shalladdress the NDE
requirements necessary to assure the health and integrity of the hardware throughout its
life cycle. The NDEPlan shall address NDE requirements during opersitaou
maintenancef those parts that are susceptible to dansgeh as impdgccorrosion,

material degradation and wear, etc. The N®dh shall address NDE requirements for
inspecting repaired parts. TR&n shall address the NDE procedures and phlysica
standards reqred to perform the operations and maintenance NDE inspections

NDE Reporting and Record RetentibiThe NDEPIan shall describe the NDE
nonconformance reporting system, record retentiad traceability.

Process Audit ThePlan shall @dress periodicuditing of NDE processes at prime
contractor, vendor&nd sibcontractors to verify compliance with the NDE requirements
established in thBlan.

Personnel Training The NDEPIan shall identify formal training and certification
requiremats for NDE Inspetion in accordance with NAS 41BAS Certification and
Qualification of Nondestructive Test Personnel

FORMAT: Electronic, Wor&-compatible document or Adob&DF.

MAINTENANCE : Changes to the document proposed by the contrauadiree

submittedto NASA for approval. Complete reissue of the documentgsired.
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APPENDIX E

REFERENCES
E.1 Purpose and/or Scope

The purpose of this appendstoprovide reference material for background information only.
The referenced sectiobglow refer to tls NASA Technical Standarth case of conflict, refer
to paragraph 2.4.

E.2 Reference Documents

DOT/FAA/AR-03/19
(Reference Section
4.1.81and4.23.3

NASA NPR 8020.12
(Reference section
4.2.6.7)

NASA-STD-5012
(Reference section
4.18.1)

NASA-STD-5019
(Referencesectiors
4.1.8.1and4.1.8.9

NASA/CR-2005
213424(Reference
section4.2.3.9

NASA-STD-5005
(Revision D or later)
(Reference section
40)

NASA-STD-6033
(Reference seion
4.2.4.11)

Material Qualification and Equivalency for Polymer
Matrix Composite Material Systems: Updated
Procedure

Planetary Protection Provisions for Robotic
Extraterretrial Missions

Strength and Life Assessment Requirements for
Liquid-Fueled Space Profsion System Engies
Fracture Control Requirements for Spaceflight
Hardware

Lubrication for Space Applications

Standard for the Design and Fabrication of Grount
Support Equipment

Additive Manufacturing Rguirements for Equipmer
and Facility Control
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NASA/TM-2007
213740 (2007)
(Referencesection
4.2.19

NASA/TM-2016
218602 (2016)
Reference section
4.2.6.4)

NASA-TM-86556
(1985)(Reference
sectiord.2.3.9

ANSI/AIAA G-095
(Referencesection
4.2.6.9

ASTM E1559
(Referencesection
4.2.36)

ASTM E2900
(Referencesection
4.2.3.9

ASTM G63
(Referencesection
4219

ASTM G88
(Referencesection
4219

ASTM G94
(Referencesection
4219

NASA-STD-6016C

Guide for Oxygen Compatibility Assessments on
Oxygen Components and Systems

Hydrogen Embritement

Lubrication Handbook for thBpace Industry, &t A:
Solid Lubricants, Part B: Liquid Lubricants

Guide to Safety of Hydrogen and Hydrogen Syste

Standard Test Method for Contamination Outgegs
Characteristis of Spacecraft Materials

Standard Practice for SpacectdéirdwareThermal
Vacuum Bakeout

Standard Guide for Evaluating Nonmetallic Materi;
for Oxygen Service

Standard Guide for Designing Systems for Oxygel
Service

Standard Guide for Evaluating Metals for Oxygen
Sevwice
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ASTM MNL 36
(Referencesection
4.2.1.9

AWS G2.4/@.4M
(Reference section
4.2.46.1)

SAE AMS24533
(Referencesection
4.222.)
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Safe Use of Oxygen and Oxygeysgms:
Handbook for Design, Operation, and Maintenanc

Guide for the Fusion Welding of Titanium and
Titanium Alloys

Low Stress Grinding of Steel Parts Heat Tedab
180 ksi or Over, and Low Stress Grinding of Chror
Plating Applied to Steel Parts Heat Treated to 180
or Over
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